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The focused current 
is beamed laterally into the formation, 
minimizing the effect of the bore hole 
and adjacent formations. As a result, 
the Laterolog gives you accurate 
formation detail when the mud is salty 
or when the formation resistance is high. 
Therefore, this important Schlumberger development 
gives you correct information under conditions 
that may have previously caused you to pass up 
production possibilities. Be sure on every survey. 


EYES OF THE OIL INDUSTR SCHLUMBERGER 


Well Surveying Corporation 





TRUTH 
DETECTOR 
TEST 


The hardest lesson oil men learned was that a show of oil didn’t always mean a well. 
A sample from the drill stem test just indicates production is possible. Whether or 
not the sand will produce is determined by subsurface pressures. And that’s when 
you want the most precise pressure recording device . . . Halliburton’s Bourdon Tube. 
The “BT” is a truth detector .. . for this supersensitive instrument makes the most 
accurate, detailed pressure recording on a coated copper chart that cannot be faked 
or hand-drawn. After a field reading the chart goes to Halliburton’s testing head- 
quarters where trained “BT” specialists rigorously inspect it under a micrometer 
optical chart reader. The report you get back is the surest possible way to know 
you've got a well before setting casing. Let your nearby Halliburton testing operator 
give your well the truth detector test 


JUST MINUTES AWAY FROM ANY RIG 


HALLIBURTON OIL WELL CEMENTING COMPANY 


DUNCAN, OKLAHOMA 
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The importance of sound engineering 
and management to the success of a man- 
ufacturing plant is elementary. 


Less obvious is the small difference 
between designing, manufacturing, and 
selling a fabricated item under efficient 
plant-wide procedures and finding, recov- 
ering, and marketing a barrel of crude 
under optimum field-wide conditions. 


In either case, the degree of financial suc- 
cess is in direct proportion to the avail- 
ability of accurate basic information, its 
infinite blending with practical engineer- 
ing experience and additional vital data, 


and finally, its proper application versus 
specific economic considerations. 


Core Lab services of Well Logging, Core 
Analysis, Reservoir Fluid Analysis, Spe- 
cial Core Analysis Studies, and Engineer- 
ing and Consulting cover the entire span 
of successful reservoir history. 


Whether your operations involve explor- 
ation, initial development, purchase or 
sale of reserves, unitization, pressure 
maintenance, secondary recovery, or 
property evaluation, take advantage of 
nineteen years’ leadership in petroleum 
reservoir engineering. Call Core Lab first. 


ENGINEERING AND CONSULTING DEPARTMENT 


CORE LABORATORIES, INC. 
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With Clark “Midget Angles” there’s a 
SINGLE RESPONSIBILITY 





HMA’S are designed, built and tested by Clark 


You’re never in the middle when you 
own a Clark “Midget Angle.” Compres- 
sor, skid, radiator and piping — in fact 
all major components— are designed 
and built by Clark, under one roof. 
There’s never a reason to pass the buck! 

By building all major components, 
Clark is able to match them perfectly 
and to operate them as fully assembled 
units. You are assured that your “Midget 
Angle” will be “right” when you get it 


Compact, factory packaged 
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— ready to go to work without time- 
consuming field assembly. 


For field compressors in the 85-440 
bhp range, you'll certainly want to know 
more about Clark “Midget Angles” — 
their ruggedness, their perfect balance 
and their many other outstanding fea- 
tures. Consult your nearest Clark repre- 
sentative and write for Bulletin 126. 


CLARK BROS. CO. e OLEAN, N. Y. 


ONE OF THE DRESSER INDUSTRIES 
Sales Offices in Principal Cities throughout the World 








Clark sets the pace in compressor progress 
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Strata-Crete 6 a new perlite aggregate, has 76% 
more fillup capacity than Strata-Crete. Con- 
sequently, the fillup cost/of most Strata-Crete G 
cement slurries is considerably less than the 
fillup cost of neat cement. 

StratasCrete G provides strong, lightweight con- 
cretes which are easily placed with normal 
pump pressures —a tr@mendous advantage in 
cementing slim holes, deep wells and in the new 
permanent-type completions. But Strata-Crete G 
also brings operators many added benefits in 
regular completions. The light weight of 
StrataeCreteG slurries, with their excellent 
bridging properties, increases the chances of 
complete fillup at normal pressures. And you 
get a better cement job — a more uniform 
concrete sheath with less chance of voids or 
shrinkage cracks, minimizing the possibility 
of channeling. 

StrataeCreteG concretes have more than ample 
compressive strengths to prevent any casing 
movement. And when it comes to perforating, 
you get a better job there, because the great- 
er resiliency of StratasCreteG concretes allows 
clean penetration with less cracking or shat- 
tering of the concrete sheath. 

Availability of StratasCrete G? It can be obtained 
from your oilwell cementing service company. 
Write today for your “technical data.’ 

Saies Representative in Rocky Mountain Area: 
Mup CONTROL LABORATORIES, INC. 


Nnouncing a 


GREAT 


NEW 


OIL WELL 
CEMENT 
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‘ designed 
for modern 
Oil well 
completions 


trata Crete 


@ TRADE MARK 


K 


*Refers to gallons of water required 
per cubic foot of Strata-Crete 6. 


GREAT LAKES CORPORATION 


1204 PRUDENTIAL BUILDING 
HOUSTON, TEXAS 
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WELEX JET SERVICES, Inc. . 
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Combined, the Casing Collar Log, the Gamma 
Ray Curve, and the Neutron Curve give you 





















accurate well information which is obtained in 
a single run, eliminating additional down-time. 


Call, Welex ond, be Sure! es 
General Offices: 1400 East Berry, Fort Worth, Texas are ry 


Division Offices: Houston © Midland ¢ Tulsa ¢ Oklahoma City 


District Offices: Abilene ¢ Ardmore ® Bartlesville * Beaumont * Corpus oe 
Christi * Falfurrias @ Gainesville ¢ Great Bend * Hobbs * Houston at 
Lafayette * Liberal © Odessa © Pampa © Pauls Valley * San Angelo a 
Shawnee © Snyder @ Stillwater ¢ Wichita Falls © Winfield ar ee 
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PETROFRAC 


Exclusive DOWELL fracturing treatment tripled flow, jumped potential to 2356 BOPD 


With Petrofrac* an operator can use his own lease crude oil as 
the fracturing and sand-carrying medium. A special emulsify- 
ing agent is added to the crude to increase its sand-carrying 
ability. This permits large sand concentrations with little 
danger of screen-outs . . . even in large shot-holes. Kerosene, 
diesel fuel or distillate may also be used if crude oil is not 
available or suitable. 


In one recent case, a well in a sandstone formation was making 
10 Boru. Dowell engineers fractured the well with 5,000 


gallons of Petrofrac fluid carrying 10,000 pounds of sand. As a 
result, the well flowed 35 BopH on a %-inch choke. On a 


potential test it was rated at 2,356 Bopp. 


Petrofrac is but one of many Dowell services now available 
to the oil industry. To see how Dowell can help you with 
fracturing, acidizing, perforating, Electric Pilot, and many 
other services—call your nearest Dowell office. Or write 
Dowell Incorporated, Tulsa 1, Oklahoma, Dept. C-15. 


*A Service Mark of Dowell Incorporated. 


services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 





FEATURE ARTICLE 


THE ECONOMICS of the INTERNATIONAL 


Introduction 


The petroleum industry’s opera- 
tions not only affect the lives of all 
of us here, but also play a major 
role in shaping the economy and in- 
fluencing the political life of every 
nation in the world. We find our- 
selves today face-to-face with enor- 
mous responsibilities at home and 
abroad. In this paper the writers will 
review some of the dangers and pit- 
falls which the industry has over- 
come in the past, and, even more im- 
portant, take a good look at the fu- 
ture — particularly the long term fu- 
ture of supply and demand, and the 
political factors which underlie them. 

Thirty-five years ago we were 
gravely concerned over our vanish- 
ing oil resources. At that time one of 
the pundits of the economic world 
recommended to his friends that they 
sell their oil stocks for the reason 
that the industry would soon have 
no raw material with which to work. 
At the same time, a Kansas profes- 
sor strongly advised against “sense- 
less joy-riding,” as he considered it 
a waste of precious natural resource 
which, in his opinion, should only be 
sold at a very high price as, of 
course, a measure of conservation. 
However, our Kansas professor felt 
also that the way to keep the price 
high was for the states to siphon-off 
the profits in high taxes, and he men- 
tioned taxes of a dollar a barrel. 


Our first and greatest concern then 
was the scarcity of the basic raw ma- 
terial upon which the industry lived. 
Eugene Stebinger, then chief geolo- 
gist of the U. S. Geological Survey, 





Paper presented at Petroleum Branch Fall 
Meeting in San Antonio, Oct. 17-20, 1954. 
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had estimated the possible world re- 
serves at under 30 billion bbl. Mid- 
Continent crude sold for over $3/ 
bbl. Since that time we have con- 
sumed some 50 billion bbl and today 
our forward supply picture has never 
been more promising. 

In the time that has intervened the 
American public has often been fear- 
ful that our domestic supplies of 
crude oil would run out. Sometimes 
they have been frightened by the sta- 
tistics of the economists, who have 
quoted proved reserves in terms of 
years supply, such as, for example, 
the statement that reserves in the 
U. S. today represent a supply for 
some 13 years. The public failed to 
realize that this type of statistic is 
merely a yardstick and that the in- 
dustry has geared itself through the 
years to a rate of production and dis- 


WASHINGTON, D. C 


covery balanced against the market. 
This relationship is most simply ex- 
pressed in these terms: when the 
ratio falls, exploration must be accel- 
erated; when it rises, we can slow 
down. 


Ever-Increasing Demand 


The industry, however, has weath- 
ered all storms and finds itself today 
at a point where improved technol- 
ogy has found oil sufficient for cur- 
rent needs, and where supplies for 
the immediate future are abundant 
in spite of the rapidly growing de- 
mand — particularly those supplies 
known to exist in areas outside of the 
United States. On the other hand, the 
amount of oil required today by our 
constantly growing machine age 
would have seemed incredible in 
1918. 
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Fig. 1 — Total World Energy Input, 1860-2050. 
Based on Putnam’s 3 per cent curve for total world. 


Based on the following conditions: 


1. 5 billion population in 2050. 
2. 3 per cent per capita annual growth in demand for energy. 
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Fig. 2 — Per Cent of Total 


The most important factor in the 
industry today is this growing de- 
mand, a never-ceasing technological 
wonder. Fortunately, there have been 
made available to us two intriguing 
analyses of the future demands. One 
of these is the report of the Paley 
Commission’ and the other is the 
much broader report contained in the 
volume, Energy in the Future, by Pal- 
mer Putnam’, the result of a compre- 
hensive study made for the Atomic 
Energy Commission. 


The Putnam Report 


It might be interesting therefore 
to take Putnam’s report covering the 
possible use of energy for the next 
hundred years and dissect it to show 
what his conclusions mean as to the 
future requirements for petroleum. 
His energy study commences with a 
searching analysis of the growth of 
population. Several rates of popula- 
tion growth are set forth in his book, 
and in order to be as conservative as 
possible, the authors have used 
throughout this paper a compounded 
growth rate which will approximately 
double the population of the world 
by the year 2050 and have assumed 
a 3 per cent annual increase in the 
per capita demand for energy.’ This 
is the lowest of the estimates which 
Putnam makes and is, therefore, the 
most conservative possible interpre- 
tation that can be put upon his cal- 
culations. 


‘References given at end of paper. 
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World Energy Input 1860-2050. 


Fig. 1, based on his figures, sets 
forth the predicted total annual 
energy input of the world for the 
period 1860 to 2050. In this figure 
we have employed Putnam’s interest- 
ing unit for energy which he calls a 
“Quantum.” The Quantum consists 
of 10” Btu’s, and it is the equivalent 
of 38 billion tons of bituminous coal 
or 168 billion bbl of oil. Fig. 1 indi- 
cates that the total energy input for 
“the 100-year period would be 80 
Quanta, and that it would be running 
at the rate of 2.6 Quanta per annum 
by 2050. Note that this includes all 
economic requirements for energy — 
oil, coal, and other energy sources. 


Nuclear Fuel in 1970 


In another part of his study Put- 
nam makes an analysis of the types 
of energy which the world has used 
in the past to satisfy this demand.* 
This analysis has been extrapolated 
by the writers, using other data pre- 
sented by Putnam, to carry to the 
year 2050 the percentage contribu- 
tion by the various types of energy. 
To illustrate this calculation, Fig. 2 
shows the percentage annual use of 
the four principal categories of en- 
ergy —oil and gas, coal, nuclear, 
and other —the last consisting of 
wood, vegetable growth, animal 
power, wind power and water power, 
etc. On this figure, you will note, 
Putnam predicts that the use of nu- 
clear fuel will begin to carry a meas- 
urable amount of the energy load in 


the year 1970. Also, it is calculated 
that at about this time oil and gas 
will have achieved its maximum per- 
centage usage, namely 27 per cent of 
the total world energy requirements. 
However, by the year 2050 oil and 
gas will have been reduced to 10 per 
cent of the total load, coal to 15 per 
cent and nuclear energy will increase 
to 60 per cent. Quantitively the 27 
per cent of the 1970 requirements 
represents a far smaller quantity than 
the 10 per cent of the predicted re- 
quirements for 2050 — the predicted 
requirement in 1970 being 20,500,000 
B/D, and that in 2050 being 
120 million B/D (oil and gas equiv- 
alent). 


Future Oil and Gas Production 


If the foregoing information is 
equated into terms of oil and gas re- 
quired, they will be as indicated in 
Fig. 3, in which predicted annual oil 
and gas production is plotted for the 
period 1860 to 2050. Note that in 
the latter year the requirements of 
the world would be at the rate of 44 
billion bbl per year, or 120 million 
B/D production of oil/gas equiva- 
lent. If this conclusion is within 
shooting distance of correct, it can 
be matched against the most opti- 
mistic estimate made in recent years 
with respect to reserves of oil and 
gas, shale oil, and tar sands. 

The world consumed 98 billion bbl 
of oil/gas equivalent between the 
years 1860 to 1953. At the end of 
1953 published estimates of the 
proven reserves of gas and oil 
amounted to the equivalent of 188 
billion bbl of oil.* if no additional 
oil or gas were discovered from 
1953 onward, these 188 billion bar- 
rel reserves would carry us theoreti- 
cally to the year 1980. However, our 
geologists tell us that they believe 
that other more important quantities 
of oil will be discovered and also that 
at this point we must take into con- 
sideration the reserves in the tar 
sands and shales producible at some 
price. Putnam uses twice the 1950 
costs of production as limiting re- 
coverable reserves. The authors, 
therefore, list below the total hydro- 
carbon resources which Putnam cites 
on the authority of the studies of 
others. 

It is probable that both the tar 
sand and shale reserve figures are 
vast under-estimates. Too little of 
them is known to be sure at present. 


Oil 66 per 
Table 1 
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TABLE | — ESTIMATES PROBABLE HYDROCAR3ON 
FUELS, SHALE, AND TAR SANDS AND 
____ UNDISCOVERED OIL AND GAS 





Quantity in Billions 
of Barrels Oil or 
Item Equivalent 
Crude Oil (Lewis Weeks 
plus 50 per cent) 730 
Gas (34 per cent of 
undiscovered oil) 


(based on relative 
250 Btu content) 


Tar Sands .. 300 
Shale Oil oat ae 
Total 1,480 


Supplies Exhausted in 2041 


The 188-billion bbl of reserves in- 
dicated to exist at the end of 1953 
are, of course, included in the total 
of 1,480 billion bbl of possible world 
hydrocarbon reserves listed in Table 
1. Since the 188 billion bbl are going 
to carry us to the year 1980, then 
there may be 1,292 billion bbl of 
possible hydrocarbon reserves exist- 
ing in the world at the end of 1980. 
Again it must be emphasized that 
some of these figures are under-esti- 
mates. Projecting this quantity onto 
our production curve, Fig. 3, we find 
that all of these estimated reserves 
would be completely used up in the 
year 2041, and there will be a deficit 
between the years 2041 and 2050 of 
348 billion bbl. In other words, if the 
Putnam calculations are correct, 2041 
is the year in which all the world’s 
hydrocarbons recoverable at twice 
1950 costs will be used up. 

Gas has been handled in these cal- 
culations on the basis of Putnam’s 
estimate that an average of 3,000 cu 
ft of gas should be produced for 
every barrel of oil." If, then, oil and 
gas are grouped together, the gas 
hydrocarbons on a Btu basis con- 
tribute 34 per cent of the energy 
and oil contributes 66 per cent. Since 
the Putnam calculations reveal that 
the demand for fuels is rising so fast 
and that hydrocarbon reserves are 
limited, the conclusion that should 
follow is that the best scientific pro- 
cesses should be applied to the utili- 
zation of gas reserves so that they 
may make their full contribution to 
the world’s demands for energy. 

All of the above should probably 
be classified as merely a mental exer- 
cise; however, it contains an impor- 
tant lesson, which is the clear indica- 
tion that the future demand for 
hydrocarbons is likely to be prodig- 
ious and in the long run hard to sat- 
isfy. This conclusion is strengthened 
by the fact that Putnam believes our 
coal resources have been vastly over- 
estimated, so these reserves cannot 
be counted on too strongly as a pos- 
sible source of liquid fuels. 
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Growth of Demand 


Elsewhere in his text, Putnam in- 
dicates that the demand for energy 
in the world today is in an “explo- 
sive” stage of growth. He particu- 
larly refers to the demand which is 
building up in the under-developed 
countries of Asia, Africa, and the 
Middle East, where current demand 
is low. To illustrate the tremendous 
potentialities in these areas, the read- 
er might note here that if the world 
population of 2% billion people 
today used oil at the rate of 17.3 bbl 
per capita per annum, which is the 
amount used in the U. S., the total 
world demand would be at the pres- 
ent time some 43 billion bbl per 
annum, or nearly 120 million bbl 
daily. This again is mere arithmetic, 
but the demand abroad is growing 
rapidly, and what Putnam envisages 
as the demand for the year 2050 is 
based on a population figure approxi- 
mately double what it is today, with 
every person using on the average 
half as much oil as a person in the 
U. S. is using today. 

When viewed in this light, the 
demand figures cited do not seem as 
unreasonable as they might at first 
appear. This will be particularly true 
if peaceful conditions prevail for the 
next 100 years and the economic lot 
of the average citizen continues to 
improve. If this is true, world popu- 
lation may very well total more than 
5 billion people at the end of the 
100-year period. 


ESTIMATED UTILIZATION 
OF PROVEN Of 
AND GAS RESERVES 
EXISTING AT END OF 1953 
188 BULLION BARRELS 


JMULATIVE INPUT OF 
ML AND GAS 1860-1953 
98 BLUION BARRELS 





PERCENT OF TOTAL ENERGY INPUT 





Pattern of Future 


All of these figures are only in- 
dicative of a possible pattern of the 
future. They raise, of course, an in- 
teresting question over which there 
can be much debate and but little 
conclusion, That is to say, how long 
and how far can our rapidly develop- 
ing mechanical civilization continue 
with its dependence on fossil fuels 
(coal and oil) even allowing for the 
growth of the uses of atomic energy. 
After looking at the predictions of 
the past, the writers are sure of only 
one thing — and that is the predic- 
tions over any long period are likely 
to be wrong. 

One suspects that if we turned up 
the right papyrus of the time of the 
great Seti the First, Pharaoh of the 
Egyptians 2nd Empire in the year 
1300 B.C., one would find bitter 
complaints by the superintendent of 
his Sinai copper mines that they were 
running out of smeltable ore and that 
with the shortage of copper Egypt’s 
civilization would then lack arma- 
ment and become the prey of im- 
mense evils. Since the dawn of his- 
toy civilization has always seemed in 
peril. Today, with the figures cited, 
a good case can be made for the de- 
cline of the age of the machine. Such 
a conclusion, however, would not 
have allowed for that most important 
asset of our civilization — the ingen- 
uity of the human mind. There may 
well be many undiscovered sources 
of energy. The Curies when investi- 


BALIONS OF 
BARRELS AMMUALLY 











ESTIMATED UTHIZATION OF — 
CURRENTLY UNPROVEN RESERVES 
1,292 BULLION BARRELS 
+--+ 35 
© 
_- 
f 2s 
ANNUAL PRODUCTION — 
| x 

T » 
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Producing Formation 


Name, Age and Depth 


Year of 
Discovery 


Arab Zone VU. Jur 
‘C’ Member 
‘D’ Member 
Hadriya 
Abu Hadriya Hodriyo Zone M. Jur. 
Bahrain Zone M. Cre. 
Arab Zone VU. Jur. 
‘A’ Member 
‘B’ Member 
‘C’ Member 
‘D' Member 


Dammam 


Fodhili Fadhili M. Jur 


Ghowar Arab Zone U. Jur 
‘D’ Member 

Qatif Arab Zone U. Jur 
‘C’ Member 

‘D’ Member 
Sefaniyo Bahrain Zone M. Cre 
Upper Member 

lower Member 


TABLE 2 — SAUD! ARABIAN OJ FIELDS 
Arabion American Oi! Co., New York, N. Y. 


Character 
of Oil 


Oil Production 


Barrels 

Total Pro- 

duced to 
June 30, 1954 


Wells 


Area 
Proved, 
Acres 


Total Wells 
Completed to 
June 30, 1954 
Producing 
Wells 
Non-producing 


892,036 
979,016,475 
122,134 
9,579 


nn 
novo 
° 


965,412 
307,164,702 


e 


11,600 
9,300 
7,100 
2,900 


1,900 


497,200 438,385,807 110 
12 
21,300 
16,200 


23,271,451 
31,669,087 


69,300 
56,300 


(a) Includes two gas injection wells and one well being repaired 


(b) Inctudes three producing gos wells 
(c) Di—dolomitic limest 





» O 
(d) A—anticlinal; DF—dome with faulting 


gating the effect of a mineral pitch- 
blende, from Joachimstal in Austria, 
on a photographic plate some 60 
years ago certainly did not foresee 
the Oak Ridge plant of the Atomic 
Energy Commission. 


Proved Oil Reserves 


The most massive of the world’s 
proved oil reserves lie today in the 
Middle East. In fact, the reserves 
there are rapidly approaching the 
fabulous amount of 100 billion bbl. 
The prognosis is for future growth. 
We also have growing reserves in 
Colombia and Venezuela, while the 
active operations in Peru are the 
portent of increased reserves in that 
country. Reserves are also increasing 
rapidly in Canada and the East In- 
dies. Then, too, an important dis- 
covery has been made in southern 
France near Bordeaux. Mexico also 
looks as though it were in the pro- 
cess of a substantial increase in re- 
serves. 

The news from Russia, always 
shadowy, indicates that important 
new fields are developing in the Stal- 
ingrad area. 

There are some lessons in all of 
this. The French discovery is most 
instructive. The French thinking on 
oil has been military in origin and 
has usually been connected with de- 
fense. “As this is a munition of war, 
we must find it ourselves,” said they. 
Hence, followed the long and abor- 
tive campaign by the government to 
find oil in France. It was in the main 
a failure, but a change was made re- 
cently. Private prospectors are now 
encouraged and the net result is that 
Standard of New Jersey has found 
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litic limestone; S—sandstone 


what promises to be a major field. 
An American writer once made the 
generalization that oil was kept from 
discovery largely because of men’s 
laws. It is all too true. 


The World Community 

This raises another political point. 
Except for the U. S. and Canada, 
the countries with large reserves are 
not large oil consumers. Some coun- 
tries have coal, others steel, others 
copper—none are self-sufficient. Un- 
fortunately, the accidents of geology 
and geography did not distribute the 
world’s raw materials equitably 
among the nations. The result is that 
the nations are mutually dependent 
upon one another. 

Further than that, politically, we 
are busily engaged in following out 
to its end Wilson’s political dictum 
on the self-determination of peoples. 
From it are springing numerous new 
and often untried political entities 
created in the name of freedom. In 
other words, we are fractionating our 
political world, while in contrast to 
this increasing division of peoples is 
the increasing need for unity in our 
economic world. The prosperity of 
the world as a whole is largely de- 
pendent on the free flow of materials 
in the international trade. If this free 
flow halts, the world drops back eco- 
nomically to lower living standards, 
and we suffer from increased politi- 
cal tensions. So it is everywhere. 

So nationalism and independence 
at their very root must recognize the 
need for the closest cooperation 
among nations on the economic level. 
In this respect all nations have re- 
sponsibilities to the world commu- 
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Deepest Zone Tested 
to June 30, 1954 


Producing Formation 


Depth 
of Hole 
in Feet 


Choracter 
Est 
Porosity 
Per Cent 
Estimated 
Prod. Thick 
Avg. Ft. Net 
Structure 


Fodhili 11,209 


Zone 


Fadhili 


Arab Zone 


Arab Zone 


Zubair Equivolent 7,649 


nity. We must accept this as a matter 
of law and custom (often stronger 
than cannot con- 
tinue Our economic progress. Sover- 
eignty is a meaningless thing if it 
does not lead to better relations with 
others in the community of nations. 
If political events and ideas block 
this interchange of goods and serv- 
ices the world is the worse for it. 


law), or else we 


Arabian Development 


Let us turn for a moment to the 
Persian Gulf and more particularly 
Arabia. There is presented a table 
showing the present state of develop- 
ment. 

The fields in Arabia are of great 
size. Ghawar will probably exceed 
800,000 acres in area. It is probably 
the world’s largest discovered oil 
field easily surpassing in total re- 
serves the Burgan field. Yet the geol- 
ogists believe that the exploration of 
Saudi Arabia has really just begun. 
Natutrally we see no world oil short- 
age now. Similar conditions for fa- 
vorable exploration exist elsewhere 
in the Middle East and proved re- 
serves for the area now approach 
100 billions of barrels. The prob- 
lem there, despite the future enor- 
mous demand figures cited are for 
the next the problems of 
politics, economics, and strategy. If 
we were all statesmen, it would be 
one thing, but the classic remark of 
the Irish Parliamentarian “what the 
hell did posterity ever do for me” 
still applies. 

The lease owner in Texas wants 
to extract the oil he has struggled so 
hard to find and convert it into 
something tangible for himself be- 


decade 
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fore he is gathered to his fathers. 
The politician in “X” country wishes 
to see revenues flow to his govern- 
ment to pay for schools, roads, and 
the other things his people need dur- 
ing his term of office so that he will 
receive the political rewards arising 
from a successful administration and 
prosperous electorate. These are hu- 
man desires, and one can well sym- 
pathize with them. Then, too, other 
industries, overwhelmed by the dy- 
namics of our own extraordinary in- 
dustry, attempt to limit through polit- 
ical means the markets for oil. One 
country taxes fuel oil heavily so that 
it will not compete too strongly with 
its national coal industry whose 
miners, largely communists, are a 
special political problem. The great 
Coal-Steel authority in Europe is 
deeply concerned over competition 
between fuels. Yet if all the world 
today consumed oil at the rate we 
do here in the U. S., it would be 
utterly impossible to supply the mar- 
ket demand. 


Solution to the Problem 


The problem—and it is every- 
body’s problem — is to equate our 
long-term needs with our short-term 
problems, and at the same time not 
to lose the dynamic spirit that moves 
the industry. After all, the great re- 
sults in the Middle East are due to 
the scientific application of tech- 
niques developed in the United 
States. It is the continuing experi- 
mentation carried on by myriads of 
different individuals that creates these 
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matchless techniques. It is character- 
istic of such a system that some in- 
dividuals lose, but the glittering prize 
of success is there for all to see and 
to enjoy if they are brave enough 
and fortunate enough to seize it. So 
it should continue. It is the contrast 
between the free world and commu- 
nism. In the free world we can ex- 
periment; some of us may come to 
disaster but the end is progress and 
change, not a crystallized and rigid 
economy. Very often we fail to real- 
ize that in our economic world the 
price of progress is ceaseless experi- 
mentation. All of us at times have 
an unfortunate penchant for the tidy 
and complete solution of problems. 
In this we are one with the believers 
in the Chimeras of the universal sol- 
vent and the philosopher’s touch- 
stone. This is a mental temptation 
to all of us, for there are those 
among us who in the name of order 
would organize our economic world 
into that stagnation which comes 
from a system without change. 

The problems of over-supply can 
only be solved by cut-and-try meth- 
ods, and in the long run we must 
remember these over-supply prob- 
lems usually turn into equally tem- 
porary shortages. It is these very 
changes that sharpen men’s wits. 
Nevertheless, out of the situation in 
the Middle East may come new pat- 
terns of supply in which governments 
and companies will work together. 
The Iranian Agreement is an exam- 
ple. 

The immense supplies of liquid 


fuels that can be made from natural 
resources other than oil from wells 
hedge us about with a competitive 
wall which will not permit prices to 
get out of hand. If prices rise too 
rapidly, capital will flow into tar 
sand, coal, and shale oil development 
which is possibly some 20 years 
away. But in any event, the prospect 
for the demand for oil products in 
the future is so great, that in the 
long run we shall be hard pushed to 
supply it—this, in spite of the fact 
that nuclear energy is believed to be 
about to play a major role by the 
year 1970. 

In the meantime the authors be- 
lieve that we shall make progress in 
the field of economics and politics— 
progress that will preserve these free- 
doms in which this most dynamic of 
industries rejoices, and at the same 
time will guard against its destruc- 
tion from internal stresses. 
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SOME SIDELIGHTS in PETROLEUM’S ECONOMIC PROGRESS 


Cc. O. WILLSON 
MEMBER AIME 


This discussion concerns what might be considered 
the by-product developments and trends, or parts of 
the whole, within the oil industry which come to the 
attention of an editor in connection with his daily 
and weekly tasks. 


Future Demands 


Predicting yearly petroleum demands has become a 
somewhat hazardous undertaking in this country since 
World War II. In some years the projections have 
varied so widely from actual demands as they have 
materialized that they have lost much of their value 
as a guide to operators. For example, most of the pro- 
jections of a year ago called for an increase in 1954 
U. S. demands of 4 to 4% per cent over 1953. The 
increase was less than | per cent. This means that the 
actual demand was around 250,000 B/D less than the 
anticipated level of operation, and that fact accounts 
for some of the unwanted oil developments of the past 
year. 

It is true, however, that the good years tend to off- 
set the poor ones so that the five and 10-year periods 
work out, as regards demands, more in line with pre- 
dictions. With this situation in mind some economists 
are predicting more than average gains for 1955. 

Keeping in mind that in these days of surpluses it 
is easier and less painful to expand operations than it is 
to contract them, a gain of 5% per cent domestic 
appears reasonable at this time. With a further decrease 
in exports in prospect we end up with a 4.8 per cent 
gain in over-all demands. 

This will total an estimated 8,483,560 B/D in this 
country for this year or a gain of 388,560 B/D over 
the year that has just closed. Of this total gain of 
141,824,400 bbl for the entire year it is estimated that 
78 per cent will come from domestic crude oil pro- 
ducers, 12% per cent from imports, and 8% per cent 
from natural gas liquids. 


Optimistic Outlook 


The long-range outlook for petroleum in this coun- 
try is equally optimistic. It is agreed that exports will 
continue to decrease until they are largely confined to 
specialties and part of the U. S. military requirements. 


*Willson was editor of the Oil and Gas Journal for 17 years and 
is now consulting editor. 

Paper presented at Mid-Continent Local Section meeting in Tulsa 
on Jan. 12, 1955. 


14 


OIL AND GAS JOURNAL* 
TULSA, OKLA. 


But domestic gains will be normal with a growth of 
40 per cent predicted over the next 10 years and a 
minimum of 70 per cent for the next 20 years. A U. S. 
population of 220 million is predicted over the next 
20 years. 

This means that the industry can look forward to 
domestic demands totaling around 13 million bbl by 
1974. Assuming a decrease in exports to 150,000 B/D 
it is apparent that in 1974 total demands (domestic plus 
exports) will total about 4.8 billion bbl. 

Past developments show that the relationship between 
proved reserves and current production should be in 
the order of 13 to 1. This means that in 1974 this 
country should have a minimum of 62% billion bbl 
of proved reserves within its boundaries. 

Our present reserves total about 36 billion bbl of 
crude oil and natural gas liquids, which means that 
26% billion bbl will have to be added to our proved 
reserves over the next two decades. 


Domestic Industry Must Grow 


Total demands over the 20-year period will total 
approximately 78 billion bbl. How much of this will 
be supplied by imports cannot be accurately projected 
at this time, because the amounts will depend on public 
and industrial policies not determinable at this time. 

But assuming that imports will be called upon to 
supply about 13'2 per cent of the total demand, the 
domestic petroleum industry will be responsible for 
67% billion bbl applied to current needs during the 
next 20 years. Adding the 26'% billion bbl of additional 
proved reserves to this domestic total, we arrive at a 
figure of 94 billion bbl of crude oil and natural gas 
liquids which must be found in this country over the 
next 20 years. 

What this means can possibly best be visualized by 
comparing the future with the past. This country has 
produced approximately 50 billion bbl of crude oil 
since the Drake discovery of 1859. We have discovered 
an additional 31 billion bbl (exclusive of natural gas 
liquids) in proved reserves or a total of 81 billion bbl 
of crude oil. 

Thus the domestic oil industry over the next 20 
years must discover considerably more oil than it found 
over the last 95 years. This means entirely new pro- 
ducing areas, the extension of proved fields, further 
substantial improvement in recovery methods, and re- 
turns for crude oil and products which will justify the 
record expenditures which will be necessary. 
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Evaluating the Future 


One way of visualizing the task ahead is to evaluate 
the future on a basis of what has happened over the 
past five years, during which new records have been 
established annually in total U. S. drilling, wildcat drill- 
ing, and in yearly supplies. 

It has been necessary to drill a total of 236,825 
wells over the past five years, of which 51,750 have 
been wildcat tests. This drilling added to existing wells 
has provided a crude oil production of 13.2 billion bbl 
and in addition has added 7.6 billion bbl of liquid petro- 
leum to proved reserves. Thus this record drilling has 
made less than 21 billion bbl of crude oil and natural 
gas liquids available over a five-year period. 

Current data on inventories and market trends indi- 
cate that we have excess petroleum supplies in this 
country at this time and this situation should be cor- 
rected. But the foregoing data are proof that for the 
entire 20-year period the search for new oil in this 
country will have to be expanded to a scale never 
before equaled in this country. 

Equally important is the fact that producing, manu- 
facturing, transportation, and distribution must also 
establish new yearly records in the building of new 
facilities with steady improvement in operating prac- 
tices. These requirements obviously justify the expen- 
ditures now being made in petroleum research and 
development which now exceed those of any other 
industry financed by private expenditures. 


Natural Gas 


No analysis of petroleum demands in this country 
would be complete which did not include natural gas. 
The domestic consumption of natural gas has increased 
percentagewise much more rapidly than has oil in recent 
years, the gains since 1939 totaling 255 per cent. 

Present marketed consumption in this country is 
now running in excess of 9 trillion cu fi yearly. The 
magnitude of this demand can possibly best be under- 
stood when it is realized that in oil equivalent it is 
now in excess of 4,000,000 B/D or about 50 per cent 
of the total liquid output of oil. 

Spokesmen for the natural gas industry have said 
the production and transmission of their product will 
continue to be expanded around 8 per cent yearly over 
the next few years at least, provided the industry is 
permitted to conduct activities with no more interfer- 
ence from the federal Government than was in effect 
previous to the U. S. Supreme Court decision of last 
June affecting production and sale of natural gas. No 
long-range predictions as to the expansion can be made 
until this issue is decided. 

This fact should be kept in mind. Oil and natural gas 
have become increasingly competitive. Natural gas has 
taken important markets in industrial, commercial, and 
home-heating fields which, if the gas had not been 
available, would have gone to oil. Fortunately in our 
rapidly expanding postwar economy so far there has 
been room for both without undue marketing difficulties 
for either. 

It is agreed that this generally satisfactory situation 
could change. There are increasing complaints that 
natural gas is getting the lion’s share of the new home- 
heating markets in certain areas. Important fuel markets 
in the industrial and commercial fields have been lost 
to natural gas over the past year. 

Because of these developments, all branches of the 
oil industry have a stake in the needed adjustments 
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which will advance natural gas prices at the wells and 
in wholesale and retail markets so that they will become 
comparable on a Btu basis to oil. Otherwise natural 
gas may become a bearish factor in petroleum markets 
generally. 


100 Octane Motor Fuel? 


One of the more significant developments of the 
past year has been the steady increase in octane ratings 
of motor fuels—particularly the premium grades. The 
predictions of some that the octane race of recent 
years would level off in 1954 have not been borne out. 

Now come the 1955 motor vehicles with a record 
average increase of 0.4 in compression ratios in engines 
and an increase of more than 30 in brake-horsepower. 
Compression ratios in the new cars range up to 9.1. 
Of special importance are the compression ratio in- 
creases in the popular-priced cars. Formerly the manu- 
facturers of those cars which represent the great bulk 
of the automotive market were accustomed to recom- 
mend the use of regular-grade gasolines as fuel, but 
they are now definitely in the premium motor-fuel class. 

All developments point to a continuance of this 
trend toward higher compression ratios and correspond- 
ingly higher octane ratings. The new-car buyer demands 
greater performance along with changes in body design. 
There is no consumer demand for economy in engine 
performance, including fuels. 

Some manufacturers make no secret of the fact that 
they are looking forward to compression ratios up to 
12 to 1. The higher compression ratios are now being 
supplied with premium gasolines ranging from 91 to 98 
octanes. Chemical additives which aid in the smooth 
performance and which aid engines in other ways have 
become common. 

The higher-compression engines of last year required 
the top of the premium octane spread. Past history in- 
dicates that before the year closes those oil companies 
which have led in the octane race will advance from 
the 94 and 95-octane levels. Ninety-eight octane fuel 
has been introduced since the first of the year in im- 
portant areas. 

Assuming there is no change in car-owner demands, 
the refining and marketing branches of the oil business 
appear headed toward 100-octane motor fuel, not five 
to 10 years from now but starting soon—possibly this 
year. 

What this means in equipment and methods only 
the refiner can visualize. It will mean that the catalytic 
cracking and reforming operations which have grown 
so rapidly since World War II must be further ex- 
panded and processing methods now confined to spe- 
cialty products will be adapted to large-scale opera- 
tions. New techniques now in the development and 
pilot-plant stage may become a part of the routine 
operations of the future. Here again current research 
and development programs are of major importance. 


Product Pipe Lines 


In this postwar period growth in crude oil transporta- 
tion has kept pace with the available supplies and the 
expansion of natural gas transmission facilities has far 
exceeded any previous period. Tanker capacity has 
been increased to the point where, on a world-wide 
basis, surpluses prevail. 

While not so large in expenditures and volume of 
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product as these long-established media, the postwar 
trends in product pipeline transportation have special 
significance in reflecting changed conditions within the 
oil industry. 

Starting in 1930 the original pipelines were built by 
users with the tariffs about equal to the rail rates be- 
tween the same points. Pipeline revenues on this basis 
were substantial and rapid payouts resulted to the re- 
finery owners. 

More recently there have been special regulations 
for the product lines promulgated by the Interstate 
Commerce Commission, including ceilings on distrib- 
uted earnings. One of the results has been reductions 
in tariffs so that present rates to representative points 
are usually one-third to two-thirds the rail rates. Opera- 
tions are now comparable to those of crude oil systems 
in many respects including situations in which the own- 
ing and operating companies have no connections with 
either refining or marketing and act solely as trans- 
porters. 

Costs are not only lower than rail rates but the 
product lines now parallel many inland waterways long 
considered the cheapest method of transportation in 
product shipments to interior points. Furthermore, while 
started on the operating principle of moving large quan- 
tities for long distances, improvements in operating 
practices and higher competitive rail rates have made 
short product lines of small capacity increasingly attrac- 
tive. 

Probably the most significant change brought about 
by the product-pipeline growth has to do with market- 
ing. Whereas for many years a large part of the sav- 
ings in costs over rail movements usually accrued to 
the refiner-seller, the recent competitive trend has been 
to pass on the savings to the jobber-buyers and ulti- 
mately to the dealers and consumers. 

While the long-established practice of quoting refinery 
prices by refinery areas on products continues in daily 
and weekly publications, actual sales at pipeline ter- 
minals largely determine the going market in large 
sections of this country. The netback to the seller in 
these cases is under the published quotations. This has 
established a competitive situation in which the outlets 
for refiners without product pipeline connections are 
usually confined to local needs with truck and short 
rail hauls. 

This type of competition obviously points to the 
further rapid growth in product pipelines. Some ob- 
servers conceive of vast trunkline and lateral systems— 
several interstate in scope—connecting to practically all 
population centers exclusive of coastal points. Such a 
program in its main details has the support of those 
directing the nation’s defenses who favor underground 
transportation operations of all kinds. 


Natural Gas Liquids 


This trend in product pipeline is certain to include 
further growth in shipments of natural gasoline and 
liquefied petroleum gases, now under way on a limited 
basis. Producers of casinghead gas and the manufac- 
turers of natural gasolines have long been dissatisfied 
with the prices received for the finished products. The 
natural gasoline products are usually sold under the 
posted prices for crude oil with which the casinghead 
gas is produced. 

This price disparity is even more apparent when the 
going markets for liquefied petroleum gases are con- 


16 


sidered. Prevailing prices for butane and propane, the ’ 
principal products, generally range during the year from 
2 to 4 cents per gallon in the Southwest with propane 
often disposed of in gas lines during the low-consuming 
summer period with little or no return to the producer 
or manufacturer. 

Investigations have shown that this pricing situation 
for natural gasoline and LPG could be improved if 
there were lower transportation costs between plants in 
the field and refineries or distributing points in the con- 
sumer areas often a thousand or more miles from the 
sources of supply. It appears certain that the transporta- 
tion of both natural gasoline and LPG in multiproduct 
lines will expand to the end that delivered costs can be 
lowered and higher prices prevail for the producers of 
casinghead gas and the manufacturers of natural gaso- 
lines and LPG. 

With the current production of natural gas liquids 
in excess of 700,000 B/D there have been building pro- 
grams under consideration which would provide en- 
tirely new pipline systems for their movement from the 
plants in the fields to refineries, bulk terminals, and 
other distributing facilities. 


More Highways 


Optimistic predictions of future petroleum demands 
with gasoline continuing to be the principal “money 
product” have been presented. Such programs always 
assume there will be no developments outside the direct 
control of the oil industry which would tend to restrict 
the expected growth. 

Investigations made within the petroleum and auto- 
motive industries and the federal government are in 
agreement that the expansion of improved highway sys- 
tems and streets in towns and cities have failed to fill 
the needs of all classes of motor-vehicle operators. In- 
adequate parking facilities are a phase of this problem 
as are increasing deaths and injuries from highway 
accidents. 

The common expression is that motor vehicles in use 
have increased twice as fast as have suitable highways 
and now a crisis is here because of this disparity. 

Surveys have shown that gasoline consumption per 
vehicle has suffered in some parts of the country as 
a result of highways and street conditions and these 
situations will become intensified if the problem is not 
solved. 

Entirely new interstate superhighway systems are 
needed as well as improvements for those already in 
use. Charles F. Kettering, then head of General Motors’ 
research and development, pointed out years ago that 
this country’s highway system was adapted from country 
roads laid out originally to accommodate the occasional 
horse and buggy and not heavy traffic moving 40 to 70 
miles per hour. 

Toll highways are a partial but not a complete an- 
swer to this problem. Car and truck owners who are 
paying out 5% billion dollars yearly in the form of state 
and federal gasoline taxes, federal lubricating-oil taxes, 
registration fees, and excise taxes are entitled to free- 
ways for most of their highway and street requirements. 
It is said, however, this tax income is inadequate to 
carry out the program under consideration. 

Programs providing for large new expenditures over 
the next 10 years are being outlined. Partially they are 
being justified for national defense. There is agreement 
as to the main features. 
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It is not so clear how these mammoth programs can 
be paid for. Finding the solution is a challenge to both 
the automotive and petroleum industries as well as to 
those charged with the responsibility of advancing the 
nation’s entire economy and defenses. The future growth 
of the petroleum industry is directly involved. 


Foreign Operations 


While there was a small decrease in crude-oil produc- 
tion in this country (exclusive of natural gas liquids) in 
the year that has just closed, gains in foreign countries 
exclusive of the Russian-dominated areas totaled 10 per 
cent. A preliminary estimate shows that U. S. crude oil 
production averaged 6,330,000 B/D in 1954 while that 
of the foreign noncommunist countries averaged 
5,856,000 B/D. 

It is necessary to keep in mind that 1954 production 
data were not an accurate criteria of what happened in 
available production supplies, and they have not been in 
recent years. The year 1954 was a period of excess avail- 
able supplies in most of the major oil-producing coun- 
tries and curtailments were necessary to keep output in 
line with current needs. 

For several years the changes in proved reserves 
which have greatest worldwide significance have been 
in foreign countries and 1954 was no exception. Proved 
crude oil reserves of noncommunist countries outside 
the United States on Dec. 31, 1954, according to year- 
end estimates totaled 118,200,000,000 bbl, a gain of 
18,664,000,000 bbl for the year. The proved reserves 
of the Russian-controlled countries add another 10 bil- 
lion bbl representing a small yearly gain according to 
the best available estimates. 

Thus we have a world situation with 164 billion bbl 
of proved reserves of crude oil and natural gas liquids 
as of the first of the year, of which 22 per cent are lo- 
cated in this country, 72 per cent in the remaining free 
countries, and 6 per cent in Russian-dominated areas. 


We are concerned here with only the Middle East 
and Venezuela whose large-scale operations have been 
controlling in international oil activities since the close 
of World War II and which, because of imports to this 
country, have had an important bearing on domestic 
operating trends. 


Proved reserves of the Middle East the first of the 
year were estimated at 97,459,000,000 bbl, a gain of 
19,244,000,000 bbl or nearly 25 per cent for the year. 
The increase was 12 to 13 times greater than that of this 
country and in volume the total proved reserves of the 
Middle East are now 2% times larger. 

The Middle East countries included are Iran, Iraq, 
Saudi Arabia, Bahrain Island, Kuwait, Neutral Zone, 
Qatar, and a small quantity in Turkey. 


The mammoth gains in Middle East reserves the past 
year did not come primarily from new discoveries but 
largely through extension tests and a few development 
wells which enabled existing reserves to be reevaluated 
upward. It is often pointed out that proved reserves in 
the Middle East representing about 60 per cent of the 
world total were found with the drilling of fewer than 
200 wildcat tests. In contrast more than double that 
number are drilled each week in this country. 

The current data for Venezuela are not as spectacular 
as those of the Middle East but they do reflect develop- 
ments which have made it the second largest oil-produc- 
ing country. Its proved reserves now total about 11 bil- 
lion bbl, a 10 per cent gain for the year. Its production 
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increased 6 per cent to a 1,874,000 B/D average in 
1954. Venezuela by wide margin is the largest single 
exporting country of the oil world. 


Production by Wells 


In the United States the average daily production of 
crude oil per well was about 13 bbl last year—slightly 
more if the production of natural gas liquids is in- 
cluded. A total of 491,509 wells were producing. This 
United States figure compares with a daily average pro- 
duction of 244 bbl from the 7,680 wells in Venezuela. 


However, the Middle East production was obtained 
from 540 wells averaging 5,000 bbl daily. The kingdoms 
of Iraq and Saudi Arabia and the independent shaikdom 
of Kuwait accounted for 93 per cent of the crude oil 
production of the Middle East last year. 


For these three countries the average production per 
well was 6,832 bbl with a high of 8,400 bbl for the 74 
wells in Iraq. These data reflect the wide variations in 
crude-production costs among the three major world 
supply sources— United States, the Middle East, and 
Venezuela. 


Other Expansion 


Much additional data including comparisons could be 
presented having to do with the finding, production, and 
the underground accumulation of crude oil. A complete 
report would show that the 210 per cent increase in 
crude oil production in the noncommunist countries 
outside the United States since World War II has been 
paralleled with expansion in refining, transportation, and 
distributing facilities. 

While the greatest growth in refining has been in 
Western Europe and Great Britain, the record expan- 
sion has included plants adjacent to the newer crude oil 
supplies and such widely scattered points as India, the 
Philippines, and Australia. The Eastern Hemisphere is 
now in a position to be self-sufficient in crude oil for 
the first time in oil history with excess supplies available 
to the western part of the world. 


U. S. Imports 


We are concerned here with developments which 
have a direct bearing on domestic operations. Foreign 
oil expansion has not been confined to foreign outlets. 
As a result primarily of the rapid growth in Venezuela 
and the Middle East, imports of crude oil and products 
to this country have jumped from 365,480 B/D in 1945 
to 1,037,200 B/D for the first nine months of 1954, 
a gain of 184 per cent. 

At the same time oil exports from this country 
dropped from 501,320 B/D in 1945 to 353,530 B/D 
the first nine months of last year, a decline of 29 per 
cent. This country has been a net importer of petroleum 
on a widening basis since 1946. 

This increased competition of the new foreign petro- 
leum supplies reflected in enlarged imports and de- 
creased exports has been accompanied by a defense pol- 
icy of encouraging the domestic industry to expand its 
producing, transportation, and refining capacity in ex- 
cess of current needs. This program along with the 
import-export situation has resulted in an excess of cur- 
rent available crude-oil production estimated to be 
1,750,000 to 2,000,000 B/D over the MER. 





There is also greater over-all refining capacity in this 
country. The excess in the case of some plants is sub- 
stantial, resulting in operating hardships. Over the past 
18 months these developments have brought weakness 
in the domestic product prices. 

This has worked a particular hardship on the inde- 
pendent refiners who are largely or solely dependent on 
refinery margins for profits. There has been some im- 
provement in refinery markets over the past two months. 
Should it continue, a market crisis which might have 
extended to crude oil will be averted. 


International Companies 


Domestic oil policy has been complicated by the fact 
that the foreign operations of an important group of 
American oil companies have been expanded to the 
point where there are now a group of companies whose 
perspective is essentially international in scope. These 
are the Standard Oil Co. (New Jersey); Standard Oil 
Co. of California; Gulf Oil Corp.; Socony-Vacuum Oil 
Co., Inc.; and The Texas Co. These companies through 
subsidiaries control the great bulk of the operations in 
the Middle East and Venezuela. The remainder is 
largely in the hands of two other major international 
companies, British Petroleum Co., Ltd. (formerly Anglo- 
Iranian Oil Co., Ltd.,) and the Royal Dutch-Shell. 

The seven companies are associated in a consortium 
which this year expects to make an average of 300,000 
B/D of crude oil or products available in world mar- 
kets. This program which will be expanded steadily in 
later years, and thus adds to the importance of the Mid- 
dle East in international oil operations. 

In 1953 the five American companies produced 
4,401,120 bbl daily of crude oil and of this total 63 per 
cent came from foreign fields and 37 per cent from 
domestic sources. 

An estimate at the close of 1953 credited the five 
companies with proved reserves totaling 60,43 1,000,000 
B/D of which 86 per cent were in foreign countries and 
14 per cent in this country. During 1954, as previously 
explained, there were large increases in proved reserves 
in foreign countries in which the five American com- 
panies had the major charge. Thus the foreign reserve 
position of these companies has become more dominant 
in the companies’ operations over the past 12 months. 

There, of course, can be no criticism of the rapid 
expansion of the foreign operations of these five inter- 
national companies. It is indeed fortunate, not only for 
this country but for free peoples everywhere, that for- 
eign oil operations outside the communistic-controlled 
countries are largely in the hands of these five American 
companies and British Petroleum Co., Ltd., and the 
Royal Dutch-Shell, which are owned and operated by 
the nationals of friendly countries. 

But these desirable developments do not alter the fact 
that the size and scope of these operations in other 
countries have gradually brought changes in funda- 
mental conditions in the international oil industry and 
a frank appraisal needs to be made as a basis for 
a sound petroleum policy covering the entire world. 


Conclusions 


Without attempting to analyze all the vital issues in- 
volved, here are a few situations which appear to have 
major significance: 


1. The base of the world oil industry has moved from 
the Western to the Eastern Hemisphere, centering in the 
Middle East. This conclusion is derived from the East’s 
wide dominance in reserves with comparatively low pro- 
duction costs including cost of finding in the Middle 
East. There is no evidence that this comparative situa- 
tion will change soon. 

2. Second to the Middle East in world markets is 
Venezuela. The two areas last year accounted for 78 per 
cent of the world’s crude oil production exclusive of the 
United States and the communistic-dominated countries. 
Their percentage position is even stronger when mea- 
sured in terms of oil moving in international trade. 

3. Either the Middle East or Venezuela or both are 
now in a position to deliver crude oil or the principal 
products at lower costs than any other source of supply 
over most of the world. This cost advantage includes all 
the costal areas of this country. 

4. The United States which previous to World War 
Il was the most important factor in world markets now 
occupies a minor position. Its exports are largely con- 
fined to special products, some military needs, and ship- 
ments to nearby areas. These exports have been decreas- 
ing in volume since the close of World War II, and the 
outlook is for a continuance of this trend until they 
become a very small part of the total oil demands with- 
in the boundaries of this country. 

5. Five American oil companies (Standard of New 
Jersey, Standard of California, Texas, Gulf, and Socony- 
Vacuum) have now become major international opera- 
tors with greater oil production (one exception) and far 
greater reserves in foreign countries than they have in 
this country. These developments in the comparative 
domestic-foreign position inevitably must be considered 
in the operating policies of the companies concerned. 
Several additional United States companies have posi- 
tions of minor importance in operations outside this 
country. 

6. Imports of crude oil and products to this country 
originating in the Middle East and Venezuela and smaller 
quantities from other countries are desirable. This as- 
sumption has to do with matters of international trade, 
the conservation of domestic supplies, and the need to 
aid American companies in maintaining strong positions 
in oil operations outside this country. 

7. But it is agreed that these lower-cost imports 
should not be enlarged to the point where they become 
controlling in domestic operations. This involves the 
entire economy of this country, and the ability of the 
domestic oil industry to furnish oil supplies — with out- 
side supplies cut off — for a possible national emergency 
as it did in World Wars I and II. 

8. Returns for crude oil and products in this country 
should support the mammoth programs ahead of finding 
new oil and producing it, along with adequate returns 
in all other divisions of operations. The expansion of 
research and development programs, which have had 
such a vital part in the postwar growth of the oil busi- 
ness, is an essential part of plans for the future. 

9. How this country, as a matter of business and pub- 
lic policy, can best protect the domestic and interna- 
tional oil operations of its nationals presents problems 
of many ramifications at this time. The well-being of all 
concerned demands that immediate and long-range solu- 
tions be found. rik 
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FOR LOW AND MEDIUM PRESSURES 


Low in height and compact, this new Guiberson stripper speeds up 
running or pulling tubing because it seals automatically. Rubber 
requires no tightening or adjustment. Cup-shaped rubber is specially 
designed to be tear resistant — specially compounded to resist damage 


from oil, gas or well fluid. Reinforced with steel wires and bushing. 


Bayonet-type latch on cover plate 

makes it easy and quick to remove 

(yore —" aN: or install rubber. Handles lock the 

cover on the body. Cover plate 

accommodates Guiberson Tubing 

Spider. Body may be tapped for two 

‘ : 2” side outlets on special order. Pres- 

sure rating, 750 p.s.i. working pres- 

mS 18) | B E R S @) N sure, 1500 p.s.i. test pressure. For 2”, 

24%” and 3” tubing, and for flange 

sizes 6-400, 6-600, 6-900, 8”-400 
and 8”-600. 
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Those who visited our booth at the AAPG meeting (Los Angeles 
Biltmore, November 11 & 12), saw a demonstration under black 
light that proved some interesting facts about emulsion muds. An 
emulsion mud will speed up the rate of penetration by slicking 
up the hole, drastically lowering drill pipe torque, reducing wear 
and tear on equipment, depositing a thin mud cake, reducing 
filtrate loss, helping keep a hole “to gauge”, and generally 
eliminating many sources of drilling troubles. 


But geologists have repeatedly objected to 
the use of emulsion muds in exploratory wells 
(and rightfully so) because the oil in the mud 
contaminates cores and cuttings and makes it 
impossible to tell whether oil in the samples 
comes from the formation or from the emul- 
sion mud. The only solution to the problem 
is to use a non-fluorescing oil for the emulsion 
mud. No-Glo is the only non-fluorescing oil 
commercially available today and our widely 
scattered field jobs to date have proved con- 
clusively that No-Glo does not become colored 
or fluorescent under drilling conditions. 





At the other extreme, core analysts have 
told us that there is no need to go to a non- 
fluorescing oil—that a diesel oil is adequate 
—because they can tell the difference in 
fluorescence and cut between a diesel oil and 
crude oil. In our demonstration under the 
black light such was not the case. Diesel looks 
very much like condensate, and after aging 
under temperature the unstable hydrocarbons 
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in diesel oil polymerize and oxidize until the 
the diesel cannot reasonably be distinguished 
from crude oil. 


Well logging crews themselves have con- 
ceded that under drilling conditions, diesel 
oil, stove oil, numerous other refined oils, 
fluorescing emulsifiers and crude oil all begin 
to look alike under the ultraviolet light and 
accurate interpretations are impossible. 


No-Glo has improved drilling operations 
without interfering with geological interpre- 
tations, in many diversified domestic fields 
and in two foreign countries, and has been 
used with excellent results in an offshore job. 
For example, No-Glo was used successfully 
by Shell at Weeks Island, Louisiana 
(Gonsoulin-Minvielle State Unit #2) from 
16,100’ to 18,200’. This was the deepest pro- 
ducing well in the world when completed. 
Shell also used No-Glo in another well in this 
field for spotting opposite pipe that was tightly 
stuck at about 9,600’ in a “keyseat’’. No-Glo 
not only freed the stuck pipe but prevented 
complications by introducing no fluorescence 
to the mud system. Orhers are now using it 
in wildcats in place of crude oil for freeing 
stuck pipe. A supply of 40 to 50 barrels at 
the rig ready for use, may save an expensive 
fishing job in case pipe becomes stuck. It is 
low-cost insurance. 


No-Glo oil is a specially treated oil which 
may be added to any clay-water mud in the 
normal manner. A U. S. Patent has been 
allowed to Oil Base, Inc. on the use of No- 


Glo, and numerous foreign patents are pend- 
ing. Licenses to oil companies and their 
subsidiaries to use No-Glo oil on a nominal 
royalty basis will be considered upon request. 


If an emulsifier is to be used, White 
Magic is a whitish, readily-soluble, pow- 
dered emulsifier that does not fluoresce. 





Together with No-Glo oil White Magic 
forms an excellent low-water-loss emulsion 
mud that has a flexible weight range, is elec- 
trically conductive, easily controlled and may 
be used without caustic soda for moderate 
pH ranges of drilling mud. 


There are also many instances where pipe 
dopes gradually contaminate the mud and 
interfere with core and cutting interpreta- 
tions, To prevent this hazard, insist on 
No-Glo Thread Lubricant when drilling wild- 
cats even though an emulsion mud may not 
be required. No-Glo Thread Lubricant will 
not fluoresce and contains no fluorescence 
suppressors. Packed in 50 Ib, pails. 





Again, due to OBI research, a well-recog- 
nized need but hitherto unanswered problem 
has been solved. If you run into trouble dur- 
ing drilling and would like to switch to an 
emulsion mud that will not affect core anal- 
yses, No-Glo is the only answer. 
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RETAINER 
PRODUCTION PACKER 


Do you know that with only ONE Baker Retainer 
Production Packer you can equip your well for either 
SINGLE ZONE or DUAL ZONE production? And that 
you can accomplish any type of completion for any 
method of production to meet fixed or changing well 
conditions? 

A single Baker Retainer Production Packer will also 
outperform many specialized tools when used as a TEST- 
ING PACKER — SQUEEZE PACKER — GAS LIFT 
PACKER — PERMANENT COMPLETION PACKER 
— WATER FLOOD PACKER — GAS INJECTION 
PACKER — CORROSION CONTROL PACKER — 
TUBING ANCHOR — ONE-WAY BRIDGE PLUG — 
PERMANENT BRIDGE PLUG. 


Every production man should be familiar with the many 
operating advantages of this “Universal Type” Packer, 
which include . . . 


WIRE LINE SETTING — The packer can be set with wire line speed 
and accuracy, using the same set-up just used for perforating. 
The Baker Packer also can be set on drill pipe or tubing. 


SETTING UNDER HIGH PRESSURE—By using a lubricator, the Baker 
Retainer Production Packer can be set under high pressure. From 
the moment it is set, the self-contained, fiapper-type, back-pres- 
sure valve closes and isolates pressure below the packer. 


TUBING STRING IS ALWAYS “FREE That valuable string of 
tubing—whether 1,000 feet or 16,000 feet in length—can be re- 
moved by simply picking up the tubing weight. 


EXCESSIVE “SET-DOWN” WEIGHT OR TENSION NOT REQUIRED 
—Even when squeezing, formation fracturing, or producing at 
any depth under pressure, a perfect pack-off is maintained inde- 
pendent of excessive set-down weight, or tension. 


HOLDS PRESSURE DIFFERENTIALS FROM ABOVE OR BELOW—Two 
sets of opposed slips, and a resilient packing confined by lead and 
metallic sealing rings, effect a permanent pack-off that will hold 
any pressure differential either from above or below the packer 
that is safe for the well equipment. 
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RESISTS CORROSION —The cast-iron used in the construction of 
Baker Packers is far more resistant to corrosion than the casing 
in which the packer is set, thus making it ideal for permanent 
installations, or for use in areas plagued with a severe corrosion 
problem. 


EASILY DRILLABLE—The Baker Packer is constructed of drillable 
cast-iron, and its design supplements the breaking-up action of 
the bit. Whether it has been in the well for only a few hours, or 
for ten years, the Baker Packer can be drilled up in minimum 
time. Expensive and hazardous “milling-out” operations never 
are required. 


IMPORTANT FACTS 


Baker Packers are used in a majority of installations where con- 
ditions of extreme pressure, temperature, or depth are present. 
Baker Packers also dominate Dual Zone installations, particularly 
those involving two-packer, crossed-flow arrangements 








Ask any Baker representative, or office, for complete details. 
There is no charge, and no obligation, for specific recom- 
mendations and completion planning advice available from : 
Baker Technical Advisers. Why not be prepared for your - 3 . 
next completion? 
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blowout prevention 


equipment is no better 


than the power available 


to operate it... 


automatic pump accumulator 


...Maintains a continuous, ample supply of 
hydraulic power for blowout preventer operation. 


... Stands ready for instant action the moment 
a blowout threatens. 

... responds with unequalled speed... pressing a 
single lever applies the needed power at once... 
no lost time starting motors or pumps! 


HYDRIL COMPANY 


GENERAL OFFICES: 
714 West Olympic Blvd., Los Angeles 15, Calif. 


FACTORIES: 
Houston, Texas; Youngstown, Ohio; Rochester, Pa. 
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Petroleum to be Added to Institute Name 

The Petroleum Branch Executive Committee voted 
in San Antonio last October to submit a petition to 
the AIME Board of Directors that the name of the 
Institute be changed to American Institute of Mining, 
Metallurgical, and Petroleum Engineers, with the abbre- 
viated name AIME to be retained. The petition was 
signed by members of the Branch Executive Committee 
and submitted to the Institute Board of Directors at 
the recent Annual Meeting in Chicago. It was accepted 
forthwith and approved unanimously by the Board, and 
this was followed by a considerable round of applause 
from numerous members from all Branches who were 
attending the meeting. It was evident that this change 
is definitely in order, and will be well received by the 
Institute at large. 

Execution of this change requires an amendment to 
the AIME Constitution. The constitution is a brief doc- 
ument, consisting of only four Articles, setting forth the 
name, object, membership, directors, and amendments. 
The fourth article on procedures for amendments is 
almost as long as the other three combined. For inter- 
ested members, the AIME Constitution and By-laws 
can be found in the last AIME membership directory 
published in January, 1953. 

Proposed amendments to the constitution, after ap- 
proval by the Institute Board of Directors, must be 
submitted to the entire membership for voting on them 
before Oct. 1 of any year. Return ballots will be re- 
ceived by the Institute Secretary until the second Tues- 
day in November, when they will be counted by tellers. 
The result of this count will be reported to the chair- 
man of the next Institute Annual Meeting. Any mem- 
bers present in person at the Annual Meeting who 
have not voted on the amendments by ballot shall 
have the privilege of having their votes recorded before 
the result of the voting is announced. Any proposed 
amendment which shall have been accepted by a major- 
ity of the votes thus cast shall be adopted. Thus, the 
legal procedures for executing the name change will 
be carried out in the current year, and will be com- 
pleted at the AIME Annual Meeting in New York in 
February, 1956. 

AIME Loeal Section Organization and Finance 

A part of the reorganization plan that established 
the three Branches in 1949 was the establishment of 
the AIME Council of Section Delegates. This body 
consisted of one delegate from each Institute Local 
Section to attend the AIME Annual Meeting in Feb- 
ruary of each year. It was intended as a means whereby 
each section could have at least one official representa- 
tive at the Annual Meeting to express the section 
wishes at a meeting of the Council of Section Dele- 
gates. The Council is a deliberative body, which can 
make recommendations to the AIME Board of Direc- 
tors, but cannot take final action with respect to sec- 
tion organization, operation, etc., within the Institute. 

For the past few years, the annual meeting of the 
Council has been held on Saturday, preceding the open- 
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ing of the Annual Meeting and the AIME Board of 
Directors meeting on Sunday. The Council has made 
several very good recommendations to the Board, and 
the presence of one delegate from each local section 
has unquestionably been of value to the Institute. Be- 
cause of the wide diversity of interests between the 
sections and their delegates, however, the Council has 
spent a good bit of time in discussion that has been 
somewhat non-productive and ineffective. Coupled with 
this has been the rapid growth of Petroleum Branch 
representation through the formation of new sections, 
and the question of how “overlaying” petroleum sec- 
tions should be represented. The net result has been 
that the Council of Section Delegates has become some- 
what large and unwieldy, and considerable study has 
been done during the past year as to how its size might 
be reduced to a workable number. 

Two primary proposals were made, one to have a 
Council of 20 members chosen on a rotating basis from 
the 10 AIME directoral districts, the other a Council 
of the same size but with representatives chosen by 
the three Branches on a membership ratio basis. After 
discussing them at the recent meeting in Chicago, the 
Council turned down both proposals, and voted to 
maintain itself on the basis of one delegate from each 
local section in the Institute, with travel expenses paid 
to the Annual Meeting. On this basis, the five so-called 
“overlaying” Petroleum sections would be placed on 
exactly the same status as all other sections and the 
term “overlaying” abolished. The AIME Board of Direc- 
tors adopted this proposal by the Council, and thus set 
the Council of Section Delegates up to convene in 1956 
on much the same basis as it was this year, but with 
a delegate from each section of the Institute. 

Another recommendation made by the Council, and 
subsequently approved by the Board, was to continue 
section financing on the same basis as it was handled 
in 1954. This is a refund of 50 cents per member in 
each section, and 50 per cent of all money received 
from initiation fees. The number of members in each 
section to be used by the New York headquarters in 
making refunds to sections is shown on the Member- 
ship Page by Virginia B. Daggett on page 31 of this 
issue. 

It is our understanding that travel expenses ef sec- 
tion delegates to the 1956 Annual Meeting will be paid 
by the Institute. The system of making refunds of 50 
per cent on all initiation fees has been changed this 
year in that the initiation fees for all changes of status 
will be included. The payment of initiation fees in in- 
stallments does not affect the amount of refunds, as 
the Institute pays the full amount of half the fee to 
the Section on the first payment, regardless of how 
it is paid to the Institute by the member. 

Favorable opinion was expressed at the meeting for 
the operation of sections along the lines agreed upon, 
and a good many members believe that the plans 


adopted will contribute to the growth of the Institute. 
tok 
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Since he became field chairman of the East Texas 
Engineering Association in 1946, Phil J. Lehnhard has 
been a constant leader in all activities of the East Texas 
Local Section. He was elected program chairman in 
1947; then, he was chosen: member of the board of 
directors, 1948 and 1949; local section chairman, 1950; 
member of the board of directors, 1951 and 1952; and 
again, program chairman, 1954. In 1955 he now steps 
up to the vice-chairmanship of the Petroleum Branch. 

Phil graduated from the University of Oklahoma in 
1931 with a BS degree in petroleum engineering. He 
started to work in Houston for Humble Oil and Refin- 
ing Co. in 1932—first as a roustabout, then as a rough- 
neck, and finally as a junior engineer. In 1935 he joined 
Dowell, Inc., in Tulsa, where he rose from his original 
position as “treating engineer” to the position of “re- 
search engineer.” He continued his work with Dowell 
until 1944, serving as district engineer in the Mid-Con- 
tinent, California, Gulf Coast, East Texas, and West 
Texas oil fields. 


From 1944 to 1946 Phil was with United Oil Well 
Service, S.A., in Caracas, Venezuela. He joined the 
company during their organization period as research 
and development engineer, then served as chief engi- 
neer. He returned to Texas in 1946 to take over his 
present position in Kilgore with the East Texas Engi- 
neering Association. 

Phil has been active as an author, having presented 
papers before two Petroleum Div. meetings. On the 
Austin meeting program in 1942 his paper was “Mud 
Acid — Its Theory and Application to Oil and Gas 
Wells.” In 1944 he presented at a Houston meeting 
a paper later published in Petroleum Transactions en- 
titled “Application of the Electric Pilot to Well Comple- 
tion, Acidizing, and Production Problems in the Per- 
mian Basin.” 

Apart from his job of caring for the operation of 
the East Texas Engineering Association, Phil takes time 
to enjoy his favorite hobbies: fishing, shop work, pho- 
tography, and keeping up with two teen-age daughters. 

R. W. TAYLOR 


A look at the college record of G. Latham Yates 
will indicate the well-rounded personality of the 1955 
Petroleum Branch vice-chairman. In addition to earn- 
ing money to finance his schooling by doing odd jobs, 
maintaining a B-plus average, and participating in var- 
sity track and wrestling, Latham was an active mem- 
ber of: 

Sigma Gamma Epsilon, honorary geological and 
petroleum engineering fraternity; Sigma Tau, honor- 
ary engineering fraternity; Sigma Xi, honorary research 
society; L.K.O.T., honorary engineering club; Toga, 
senior leadership society; Skeleton Key, senior hon- 
orary society; St. Pat’s Council, student governing body 
of College of Engineering; Phi Club, sophomore hon- 
orary athletic club; Spiked Shoe Society, track club; 
Beta Theta Pi, social fraternity; and Men’s Council, as 
College of Engineering representative. 

He has continued this same type of energetic activity 
through the years—in his jobs and in professional 
organizations. Latham has been active in the Kansas 
Geological Society and the API, as well as the AIME. 
After serving as chairman of the Kansas Local Section, 
he was a member of the Petroleum Branch Executive 
Committee from 1952 through 1954. Now, he advances 
to the position of Branch vice-chairman. 

After studying at Lehigh, Latham received both his 
BS and MS degrees from the University of Oklahoma. 
Shortly following his graduation in 1935 he became a 
member of the Dept. of Oil and Gas at the University 
of Pittsburgh. In 1943 he joined Kingwood Oil Co. in 
Effingham, Ill., for a short time; then, he moved to 
Standard Oil Co. of Ohio in Cleveland. He was head 
of the valuation engineering section of the Production 
Engineering Dept. of that company when he left in 
1947 to open a consulting office. Since then, Latham 
has been a partner in the Wichita, Kan., consulting 
firm of Amstutz and Yates, Inc. 

Amidst his active life in business and his service to 
the various professional societies, Latham enjoys a 
family life with his wife Marian and their three young 
children—Georgia Leslie, Julia Jane, and Jo Anne. 

R. W. TAYLOR 
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With the Petroleum Branch members in attendance 
at the AIME Annual Meeting being primarily members 
of the Board of Directors, the Executive Committee, 
Council of Section Delegates, and educators from the 
various university petroleum engineering departments, 
business meetings dominated the attention in Chicago 
Feb. 12-17. 

The most important action taken at the meeting was 
the unanimous approval by the AIME Board of Direc- 
tors of a proposal to change the name of the Institute 
to “American Institute of Mining, Metallurgical, and 
Petroleum Engineers.” “Report and Interpretation” on 
page 25 of this issue gives complete details of this 
development. 

Another topic which brought considerable discussion 
but no final action was a recommendation by the Com- 
mittee of Five Presidents to move the site of the Engi- 
neering Societies Building to Pittsburgh. This recom- 
mendation was made by Leo F. Reinartz, 1954 AIME 
president, and presidents of four other “founder” so- 
cieties. The Board voted to delay their final action 
until further consideration could be given by the 
members. 


Houston in 1958 


The Petroleum Branch Executive Committee voted 
to: (1) hold the 1958 Petroleum Branch Fall Meeting 
in Houston, (2) adopt rules for award and candidate 
selection procedure for the Cedric K. Ferguson Medal, 
(3) discontinue advance registration for Branch Fall 
Meetings, and (4) set up a committee to develop a 
program for attracting young men into the petroleum 
engineering profession. 

The Council of Section Delegates voted down a 
proposal to reduce the number of delegates to two 
from each Directorial District. It requested the Board 
to: (1) continue to pay travel expenses of one rep- 
resentative from each local section, (2) continue to 
give sections the $10 rebate on initiation fees, and 50 
cents to $1 rebate (depending upon the financial condi- 
tion of the Institute) to each section for every member 
on its roles in good standing, and (3) change the boun- 
daries of the Directorial Districts. M. B. Penn, Mid- 
Continent Petroleum Co., Tulsa, was chairman of the 
Council of Section Delegates. 

The Educator’s Conference framed a request to the 
Engineers Council for Professional Development that 
cognate curricula not be carried in the Council’s list- 
ings. The educators feel it desirable that all curricula 
meeting the ECPD standards be listed alphabetically 
without division in the future. The problem leading to 
the discussions which lasted for two days in Chicago 
was brought about last fall when the ECPD, the ac- 
crediting society, classified petroleum engineering as a 
cognate or fringe curriculum, although the present re- 
quirements for a degree in petroleum engineering meet 
all the standards for full accreditation. Because of the 
cognate classification of petroleum engineering, the 
departments in various universities tend to receive less 
money than those which had received full accreditation 
from the ECPD. 

A. W. Walker, University of Tulsa, was appointed to 
head a Committee to study problems concerning petro- 
leum engineering education. 
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BUSINESS DOMINATES ATTENTION at ANNUAL AIME MEETING 


Donnell Speaks 


The social highlight for Petroleum members was the 
Petroleum Branch Dinner held in the Conrad Hilton 
Hotel on the evening of Feb. 15. J. C. Donnell II, presi- 
dent of Ohio Oil Co., spoke to the 150 persons in 
attendance on “Engineers in Management.” John R. 
McMillan, retiring Petroleum Branch chairman, pre- 
sented the gavel to R. B. Gilmore, 1955 chairman, in 
an installation ceremony at fhe dinner. 

The worldwide petroleum developments in 1954 were 
presented at the Annual Production Review Session on 
Feb. 14. Speakers were: A. H. Chapman, Arabian 
American; Milton Williams, Humble; A. H. Bell, Illi- 
nois Geological Survey; and Alfonso Barnetche, Petro- 
leos Mexicanos. Forty-page preprints of the material 
presented are available upon request from the Petro- 
leum Branch office. 


The technical aspect of the program for Petroleum 
members included nine papers which were presented 
at three sessions. Abstracts of these papers were pub- 
lished in the January issue of JOURNAL OF PETROLEUM 
TECHNOLOGY. 





New Officers 





Petroleum Branch members assuming new offices 
at the meeting in addition to Gilmore were: R. W. 
French, Jr., Sohio Petroleum Co., Oklahoma City, and 
Howard C. Pyle, Monterey Oil Co., Los Angeles, who 
became members of the AIME Board of Directors; 
G. Latham Yates, Amstutz and Yates, Inc., Wichita, 
and Phil J. Lehnhard, East Texas Engineering Associa- 
tion, Kilgore, who took office as Petroleum Branch 
vice-chairmen; and George R. Gray, Baroid, Houston, 
Earl M. Kipp, The California Co., New Orleans, and 
John C. Calhoun, Pennsylvania State University, who 
became members of the Petroleum Branch Executive 
Committee. Calhoun is Mineral Industry Education Div. 
representative. 





J. C. Donnell II, president of Ohio Oil Co., speaks at 
the Petroleum Branch Dinner. To the left of the speaker 
is John R. McMillan; to the right, L. S. Wesecoat, past 
president and now chairman of the Executive Commit- 
tee of The Pure Oil Co., Chicago, who introduced the 
speaker. 


















ERNEST O. KIRKENDALL 
New AIME 


Secretary 


A registered professional engineer, doctor of science 
and former college professor has taken office as secre- 
tary of AIME. Efficient and genial Ernest O. Kirkendall 
moved into the position vacated by E. H. Robie, Insti- 
tute secretary since 1949 who now becomes secretary 
emeritus following his many years of outstanding 
service. 

Kirk is not new to the AIME—having been a dues 
paying member for many years before joining the 
staff in 1946. His name was prominent in the perma- 
nent literature as far back as 1939, when he wrote 
the first of a series of research papers on rates of dif- 
fusion of copper and zinc in alpha brass. Subsequent 
to this paper, published in Transactions volume 133, he 
wrote papers which were published in volumes 147 
(1942) and 171 (1947). 


Since joining the AIME staff as secretary of the 
Metals Branch in 1946, his successful work has gained 
the confidence of the Board of Directors. It was his 
record in that capacity which prompted the Board to 
select him for the important post of Institute secretary. 


Kirk was named on Sept. 21, 1954, to succeed Robie, 
and at that time he was made administrative assistant 
to the Institute secretary. From then until he assumed 
the AIME secretaryship, he had an opportunity to 
work closely with the retiring secretary and learn the 
extent of his duties. 

During this training period for his new job, Kirk 
visited the Petroleum Branch Fall Meeting in San An- 
tonio last October. There he made many friends among 
the Petroleum members, and expressed a great admira- 
tion for the work of the Petroleum Branch. His appoint- 


ment as AIME secretary pleased many Petroleum mem- 
bers who are acquainted with him 

Going into Kirk’s background, we find that he was 
born in East Jordan, Mich., in 1914. In 1934 he re- 
ceived his BS in chemical engineering from Wayne 
University. He was awarded his MS degree in metal- 
lurgical engineering from the University of Michigan 
in 1935. In 1938 he received his DSc degree in metal- 
lurgical engineering from the University of Michigan. 


H- held a state fellowship at the University of Mich- 
igan in 1934-35. During college, Kirk was a member 
of Tau Beta Pi, Sigma Xi, Phi Lambda Upsilon, and 
Phi Kappa Phi, all honorary fraternities. 

In 1937, prior to obtaining his DSc degree, he 
joined the Wayne University faculty as an instructor 
of metallurgical engineering. He became assistant pro- 
fessor in 1941, and served in that capacity at Wayne 
until joining the AIME staff in 1946. From 1938 until 
1945, he was metallurgical consultant for Progressive 
Welder Co. of Detroit, along with his teaching duties 
at Wayne. 

The Kirkendalls now reside in their home at 39 
Howard Parkway, New Rochelle, N. Y. In addition to 
charming Mrs. Kirkendall, the family includes three 
children—daughters 9 and 16 years of age, and a son 
who is 14, 

Kirk brings to the executive secretaryship of the 
AIME the quiet confidence of an experienced technical 
man. He knows engineering, and he is well acquainted 
with the operations of AIME after 10 years’ expe- 
rience. Kirk is felt by all who know him to be a worthy 
successor to the always dependable Ed Robie. 

R. W. TAYLOR 
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Officers for 1955 





PETROLEUM SECTIONS 
NAME NEW LEADERS 





Outstanding event for the North Texas Local Section 
in 1954 was the Secondary Recovery Symposium in 
Wichita Falls which attracted 930 persons. Officers for 
1955 are, back row left to right: David B. Meisenheimer, 
Texas Co., section delegate; Joseph Saxon, Jr., Ryder 
Scott Co., director; and J. W. W. Whitney, Jr., Mag- 
nolia, director. Pictured on the front row are: Fred Ste- 
phens, Cable Engineering, secretary; Elmer A. Milz, 
Shell; and A. J. Kerr, Lane-Wells. Milz was originally 
elected as 1955 chairman, but he was succeeded by 
Kerr, elected vice-chairman, when he was transferred 
to Tulsa. James A. Winfrey of Humble (not pictured) 
succeeds Kerr as vice-chairman. Another officer not pic- 
tured is Jack F. Berry, Texas Co., treasurer. 





The Southwest Texas Local Section took in 60 new 
members and acted as host to the Petroleum Branch 
Fall Meeting in 1954. Now, 1955 officers have been 
elected. They are, on the back row reading left to right: 
Raymond Keller, Jr., J. B. Beard Co., director; George 
Wilson, Magnolia, director; Chester L. Wheless, La 
Gloria Oil & Gas Corp., past chairman and director; and 
J. M. Montgomery, Halliburton, director. On the front 
row are: R. J. Granberry, Core Laboratories, director; 
Fraser H. Allen, Stanolind, director; Robert R. Wallace, 
Seaboard, chairman; and C. L. Bramlett, Halliburton, 
director. Officers not shown in this photograph are: 
Ralph E. Warner, Seaboard, vice-chairman; and directors 
Pierre M. Aubuchon, La Gloria; Heath Renfro, Ralph E. 
Fair, Inc.; and R. G. Tonkin, Humble. 
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One of the newest Petroleum Branch local sections, the 
Hugoton Local Section, has elected officers for its second 
year of operation. Pictured on the back row, left to 
right, are: James C. Keaton, Hugoton Plains Gas & Oil 
Co., chairman; E. C. Kendall, McElroy Ranch Co., sec- 


H. Flood, Jr., Republic 


ond vice-chairman; and W. 


Natural Gas, director. On the front row are: C. P. 
Pyeatte, Republic Natural Gas, director; J. A. Jones, 
Panhandle Eastern Pipe Line Co., secretary-treasurer : 
and J. P. Phillippe, Panhandle Eastern Pipe Line Co., 
director. G. W. Atchley, Republic Natural Gas, vice- 
chairman, is not pictured. 





The Illinois Basin Petroleum Section was formed in 
1954 when the Illinois Basin Chapter voted to convert 
to local section status. New directors for 1955 for the 
section are, standing left to right: George K. Harcourt, 
Halliburton; William L. Robbins, Carter; and Bill G. 
Harmon, Di-Kor Coring Service. Officers seated are: 
George H. Link, Carter, second vice-chairman; Ray R. 
Vincent, C. L. McMahon, Inc., chairman; B. P. Walker, 
Gulf, first vice-chairman; and James T. Dorland, Cal- 
vert Drilling, Inc., secretary-treasurer. 





Founded in 1954, the Panhandle Local Section 
quickly added 38 members to its original 25 and fin- 
ished the year with a 152 per cent membership growth. 
Local section directors for 1955, standing left to right, 
are: Donald E. Radtke, Magnolia, past chairman; Rob- 
ert W. Scarth, J. M. Huber Corp.; and Jack C. Bendler, 
Phillips. Officers seated, left to right, are: Donald W. 
Jackson, Gulf, secretary-treasurer; Henry J. Rose, Cabot 
Carbon Co., first vice-chairman; Joe M. Daniel, Jr.. 
Texas Co., chairman; and W. O. Matejowsky, Schlum- 
berger, second vice-chairman. 
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Mid-Continent Section Student Paper 


Contest Set for April 1-2 in Tulsa 


Paul E. Fitzgerald, Dowell, Inc., chairman, is shown 
with several members of the Mid-Continent Section 
Student Paper Contest Committee. They are making 
plans for the contest which will be held on the campus 
of the University of Tulsa on April 1-2. Seated left to 
right are: A. W. Walker, professor of petroleum engi- 
neering at University of Tulsa; Chairman Fitzgerald; 
and Robert Marple, University of Tulsa student repre- 
sentative to AIME. Standing, left to right, are: Wayne 
Swearingen, liaison officer between University of Tulsa 
and AIME; R. C. Glover, Baker Oil Tools, housing; 
George R. Shaw, First National Bank & Trust Co., pub- 
licity; and Roy H. Smith, Stanolind, AIME liaison 
officer with University of Tulsa. 


Papers entered in the contest will be divided be- 
tween graduate and undergraduate papers, with stu- 
dents from the Universities of Tulsa, Oklahoma, Kan- 
sas, and Oklahoma A&M competing. Undergraduate 
papers will be heard on the afternoon of April 1; grad- 
uate papers being presented on the afternoon of April 2. 


A dinner and smoker will be held in the University 
of Tulsa Student Union building on the evening of 
April 1. Saturday morning, April 2, a tour will be con- 
ducted through laboratories of a Tulsa oil company. 


Prize-winning papers will be entered in the AIME 
National Student Paper Contest. Judges for the local 
contest have not been announced as yet. Mid-Continent 
Local Section members are urged to attend this student 
contest. 





Nuclear Congress Planned 


Engineers Joint Council is spon- 
soring a Nuclear Congress to be held 
in Cleveland Dec. 12-16, 1955. Most 
of the constituent societies of the 
EJC will take part, as well as others, 
notably the newly formed American 
Nuclear Society. An attendance of 
over 1,000 is expected. The Petro- 
leum Branch Executive Committee City 
has voted to send observers to this 
meeting, although the Branch will not 
take an active part in the program. 


Name 





Send 1955 Directory to: 


Street Address 


Mail coupon below for 





INSTITUTE DIRECTORY TO BE 
PUBLISHED IN SPRING 


An All-Institute Directory will be published by the 
AIME New York office in June. All members who wish 
to receive a copy of this Directory must fill out the 
coupon below and mail it to the New York office. 


When filled out and returned, the coupon will serve 
as an address label for mailing the Directory; therefore, 
it is imperative that all who request the Directory use 
the coupon provided. Subsequent announcements will 
be made concerning the Directory, but the coupon ap- 
pearing in this issue of the magazine will be the only 
valid requisition for the book. 

Branch Directory in June 

The Petroleum Branch will follow the practice it 
established last year of printing a separate directory of 
Petroleum Branch members as a bound-in supplement 
to the June issue of JOURNAL OF PETROLEUM TECHNOL- 
oGy. However, Petroleum Branch members are eligible 
to receive the Institute Directory by sending in the 
coupon. 


Names, positions, and addresses of all AIME mem- 
bers as carried on the master file cards of the Institute 
on Feb. 1, 1955, will be used in the Directory. Both an 
alphabetical and geographical listing will be included. 
The geographical listing will, as in the last Institute Di- 
rectory, indicate which members are available for con- 
sulting work, and will also indicate the field of primary 
and subsidiary professional interests. 

Supplement to Be Included 

A supplement to the Directory containing a list of 
the officers, Branches, Divisions, local sections, com- 
mittee personnel, and By-laws of the Institute will also 
be published — possibly as a part of the Directory. 

Because of increased costs of producing the Direc- 
tory, the AIME has adopted the practice now followed 
by the ASCE, ASME, AIEE, and AIChE of mailing the 
Directory only to those members in good standing who 
request it. 

If you wish to receive the directory, print or type 
your name clearly on the coupon below which will be 
used as a mailing label, and send it to: AIME, 29 West 
39th Street, New York, N. Y. 


State 


(Print Name and Address Clearly) 
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All Sections Have Chance in 





1955 MEMBERSHIP CONTEST 


VIRGINIA B. DAGGETT 


For the past few years the Petro- 
leum Branch membership contest has 
created a good deal of activity among 
the Petroleum local sections of 
AIME, resulting in a considerable 
number of applications for member- 
ship and substantial prizes to the 
winning local sections. 

The contest has been based on 
percentage increase in membership, 
that is, applications received from a 
local section as a percentage of the 
section’s membership on a given 
starting date. With a wide variance 
in the size of AIME local sections, 
the percentage method is fairer to 
the small sections than a contest 
based on number of new members, 
but we have realized that it is diffi- 
cult for the larger sections to com- 
pete on this basis. This year, for ex- 
ample, the Hugoton Local Section, 
with a base membership of 27, could 
effect a 74 per cent increase with 20 
new applications. The Gulf Coast 
Local Section, with 929 members, 
would have to secure 688 applica- 
tions to meet this percentage. 

In an effort to equalize the oppor- 
tunities, petroleum sections this year 
will be placed in four groups, accord- 





Proposed for Mesuberiinhis, 
Petroleum Branch, AIME 


TOTAL AIME membership on Dec. 31, 
1954, was 21,816; in addition 2,179 Student 
Associates were enro 


PETROLEUM BRANCH ADMISSIONS 
COMMITTEE 
Virgil B. Harris, chairman; C. C. Harter; 
Charles Hudson; Raoul J. Bethancourt; Oscar 
K. McElheney; Jack Wahl. 


INSTITUTE ADMISSIONS COMMITTEE 

P. D. Wilson, chairman; F. A. Ayer; A. C. 
Brinker; R. H. Dickson; T. D. Jones; F. T. 
Hanson; Sidney Rolle; O. B. J. Fraser; F. T. 
Sisco; Frank T. Weems; R. L. Ziegfeld; R. B. 
Caples; F. W. MeQuiston, Jr.; Arthur R. 
Lytle; H. R. Wheeler; L. P. Warriner; J. H. 
Scaff. 

The Institute desires to extend its privileges 
to every person to whom it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged 
to review this list as soon as possible and 
immediately to inform the Secretary’s office if 
names of people are found who are known 
to be unqualified for AIME membership. 

In the following list C/ means change of 
status; R, reinstatement; M, Members; 
Junior Member; A, Associate Member; §S, 
Student Associate. 

California 

Bakersfield—Cameron, Thomas William (M). 
Brea—Stegemeier, Richard Joseph (J). 
Downey—Godfrey, William Kerr (C/S-A-M). 
Hollywood—Rodriguez, Sergio Enrique (J). 
Los Angeles—Grant, Charles Dick (A). 

San Francisco — Ambler, Richard Hayward 
(J). 

Santa Maria 
S-A-M) 


McCullough, Joe Jackson (C/ 
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ASSISTANT SECRETARY 
PETROLEUM BRANCH, AIME 


ing to the size of base membership. 
Groupings of local sections and the 
base membership of each are shown 
below. Each section will be compet- 
ing against other groups of the same 
relative size. 

A prize will be awarded in each 
category for the largest percentage 
of applications. The winning sections 
will have a choice of a slide projec- 
tor, a large banner, or $100 to apply 
on some other useful item which they 
desire. 

All new and reinstatement appli- 
cations for the three professional 
grades received in the Petroleum 
Branch office Jan. 1 through Dec. 


31, 1955, will be eligible to count in 
the contest. Applications postmarked 
by midnight, Dec. 31, will be con- 
sidered as received on that date. The 
base membership of each section, on 
which percentage increase is com- 
puted, is the number of members on 
record residing in that section as of 
Jan. 1, 1955. 

Applications will be credited to 
the local section in whose territory 
the applicant resides, as determined 
by the address given on the face of 
the application. 

Every member can help his sec- 
tion by talking AIME membership 
to friends and associates, and by sug- 
gesting the names of prospective 
members to his local section mem- 
bership chairman. The Petroleum 
Branch office will gladly send ap- 
plication blanks and literature on 
AIME membership to interested and 
qualified persons upon request. We 
welcome the suggestions of members 
at all times. 


SECTION GROUPS FOR 1955 PETROLEUM BRANCH 
MEMBERSHIP CONTEST 


Group A 
Section Base Membership 
Hugoton ; ; Sess 27 
South Plains ine . cl? a ok eae 51 
DOINGS ual oe fe Od ee 59 
Panhandle . op & a See 60 
CT ds. ¢ Meicomee@- 6 Mout 61 
North Texas . See Ia: o WS 84 
Re Ae ee ae ‘ 88 

Group B 
West Central Texas wus « + oe ae 
Denver Petroleum . . . . . . 41 
gee ee) 
et hes Me ie ee 
SS! Ee ae 
Wyoming : oY er Ye 
IHinois Basin Petroleum ae ee. ae oo 
Santa Paula— Lester, Graham Wallace (C 


S-A-M). 
South Gate 
Taft—Eyraud, 
Whittier—Suter, 
Colorado 
Colorado Springs 
(M) 

Rangely Hill, 
Illinois 


Parsons, William ~ (M). 
Louis Ernest ( 
Vane Edward (R, C/S-S-J). 
Wilson, Charles Vernon 


Joseph Philip (J). 


Carmi—Keyes, William Oliver (J). 
Olmevw—Jones, Frank T. (C/S-A-M). 
Kansas 

Chase—Taylor, Marlin R. (J) 
Hays—Klein, Marvin LaNorris (M). 


Liberal—Curry, James Kenneth (M); Ford, 


John Daniel (C/S-A-M). 


Thrall—Hull, Winfield Scott (M). 

Mississippi 

Heidelberg—DeBord, George Edward (J). 
New Mexico 

Hobbs—Farmer, William Samuel (M); Tur- 
ner, James Edward (J). 

Santa Fe—Rhodes, Harlan Newell (J). 
Oklahoma 

Bartlesville—Chin, Tim (J); Corliss, Earl 


Robert (J); MeGhee, Vernon Thomas (C/ 
S-A-M); Miller, John Swanson (J). 
Drumright— Morris, Joseph Alfred (C/S-A- 
M). 


Duncan—Ostroot, G. Warren (M) 

Oklahoma City—Dowds, John Potter (J); 
Hopcraft, Calvin Phillip (A). 

Ponca City—Conley, Francis Raymond (M); 
Spencer, John Raymond (C/S-A-M). 
Shidler—Holladay, John Milton (J). 

Tulsa Evans, Robert Buckner, III (J); 
Smith, Marion R. (C/S-A-M). 

Texas 
Abilene 
Alvin 
Amarillo 


(M). 


Hunter, Hassell Eugene (M). 
Hogan, Charles Ira (J). 


Knight, Orland (Jack) Lenard 


Group C_ 
Section _Base Membership 
San Joaquin Valley . .... . 169 
Fort Worth . . SRE 
New York Petroleum hee te we 2 
Ce ee we ne ew ae 
Do aee Mama: kan «: > od Meals, BOO 
Persian Gatla 6s wt  BS2 

Group D 
Dallas .. ste 6S . Uae 
Southwest Texas iid Bis «oo wo, OR 
Mid-Continent . . + = De vty ee 
Southern California Petroleum sig Se ee 
CS Fae See 





Beaumont—Biscamp, Roy Gene (R, C/S-S-A). 
Bellaire—Hill, Harold J. (M); Suder, Floyd 
Eugene, Jr. (C/S-A-M). 

Borger—Smith, David Earl (J). 


Brownfield—Randle, Robert Curtis (C/S-A- 
M). 

Corpus Christi—Obenhaus, Gus Faber, Jr. 
(M). 

Dallas—Bright, Harvey Roberts (M); Holla- 
baugh, George Ryst (J); Koepf, Ernest 
Henry (R, M); MeDonal, Frank J. (M); 


Stewart, Gladstone, Jr. (M); Williams, Gor- 
don Bullitt (M). 
Delmita—Morgan, Jack Allen (R, C/S-S-M). 
El Paso—Williams, Thomas Jefferson (M). 
Fort Worth—Bowersock, Dale D. (M); Krath, 
Jay Ennis (J); Richards, Warren Ball (J). 
Hawkins—Lawless, Joe Lynn (J). 
Houston—Andrew, Norman Keats (M); 
Chapman, Peter Frank (C/S-A-M); Davis, 
Benjamin Franklin (M); Gant, Guy William 
(A); Griffin, James Stephen (M); Kraemer, 
M. Scott (C/S-A-M); Newlin, Floyd Koenig 
(M); Newman, John Ames (C/S-A-M):;: 
Schell, James Hays (M); Wagenecht, Eugene 
Gail (J); Widner, George Washburn (C,/ 
S-A-M). 
Kilgore—Happel, Philip E. (J). 
Midland—Bachman, William Sherrod (C/S- 
A-M); Bruno, Earl Randolph (M); Coca- 
nower, Robert Dunlavy (M); Thurman, Ear! 
Grover, Jr. (C/S-A-M). 
Odessa—Cross, Jonathan Henry, Jr. (R, C/ 
S-S-J); Kading, Horace Wayne (A). 
Pampa—Osborne, Edwin Forrest, Jr. (A); 
White, Leonard Lawrence (M). 
San Antonio—Winslow, Harry Clark, Jr. (A). 
Tyler—Pownell, Galyn Dee (J). 
Uvalde—Karpos, George Toney (R, C/S-S-J). 
Wyoming 
Casper”-Fraher, John Albert (C/S-A-M). 


Vene 
Caracas ~Ubitae, Angelos Thomas (C/S-A- 
M). 








ALL METAL Casing Shoes 





and Collars give you THREE 





Important NEW Advantages! 


A. 
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ss \ a3 
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TYPE “A” FLOAT COLLAR TYPE “A” FLOAT SHOE 
1. GREATER STRENGTH: aluminum alloy internal parts 


have far greater impact, compression, tensile and shear 
strength than cement or bakelite. 


2. PRECISION CEMENTING: Being all metal, they can be 
precision machined and ground to close tolerances for pre- 
cision performance. 


3. RAPID DRILLABILITY: Because of its superior strength, 


less aluminum alloy is required. It not only drills out faster 
but there is less material to drill out. 


© These new Rector Type “A” cementing shoes and 
collars have internal parts of a special aluminum alloy 
that combines strength, abrasion resistance and drilla- 
bility. The bodies are precision machined from high 
quality seamless steel—internal aluminum alloy parts are 
machined and ground to close tolerances. 


Available in all standard sizes and standard threads FROM YOUR SUPPLY STORE. 


EXPORT 
Continental Supply Company a Mid-Continent Supply Company 
Oil Well Supply Division 
of United States Steel Corporation 


New York Petroleum 
Section Hears 
Petrochemical Talk 


“In 1955 the output of the petro- 
chemical industry may be four or 
five times as great as in 1939. The 
totai assets of the petrochemical in- 
dustry are now valued at over three 
billion dollars.” 

This information was given at a 
recent meeting of the New York Pe- 
troleum Section by H. G. McGrath, 
associate manager of M. W. Kellogg 
Co., a Pullman, Inc., subsidiary. He 
stated that petrochemicals now ac- 
count for about 25 per cent of our 
total chemical production, and that 
in less than 10 years they will ac- 
count for 50 per cent. 

“The opportunities for growth are 
enormous and are expanding at such 
a rate as to assure an even more 
rapidly expanding industry in the fu- 
ture,” he said. 

After discussing the various classes 
of petrochemicals, McGrath pointed 
out that the discovery of hydrogen 
synthesis by Fischer and Tropsch is 
one of the most significant contribu- 
tions in the field of chemistry in the 
last generation. This allows the syn- 
thesis of many organic compounds 
through the interaction of hydrogen 
and carbon monoxide. 

The greatest outlet for petrochem- 
icals is being brought about by the 
gasoline octane race in the petroleum 
industry, he said. Use of chemical 
compounds to obtain a superior qual- 
ity product is increasing rapidly. 


Permian Section Publishes 
Water Resistivities Book 
A booklet entitled “A Survey of 

Resistivities of Water from Subsur- 

face Formations in West Texas” has 

been published by the Permian Basin 

Local Section in cooperation with 

Schlumberger Well Surveying Corp. 

Copies of the booklet may be ob- 

tained for $1.50 by writing to: 

AIME, P. O. Box 1858, Midland, 

Tex. 

The compilation of the statistics 
was done by the West Texas Resis- 
tivity Sub-Committee. W. L. Caro- 
thers, of Humble, is chairman of 
this Committee. Members are: S. H. 
Rockwood, Shell; William Caffey, 
Standard Oil of Texas; C. F. Qualia, 
Sinclair; G. J. Decker, Schlumberger; 
Fred S. Wright, Jr., Magnolia; Phil 
Tomlinson, Atlantic; Phil Bridges, 
Stanolind; Robert Shields, The Texas 
Co.; Walter Baird, Gulf; and John R. 
Brack, Forest Oil Co. 


JOURNAL OF PETROLEUM TECHNOLOGY 





Short, solid type McCullough 

Scintillometer® has an efficiency approaching 
100% in measuring radiations. Logs thick 

or thin beds with sharper, clearer detail... 
repeats accurately... has greater stability 
...assures more positive quantitative 
interpretation... correlates better with 

and electric logs. Write for details. 


EFFICIENCY 


for accurate results 


Mi Culloush 


TOOL COMPANY 





LOS ANGELES » HOUSTON » EDMONTON 











LUFKIN 


2 CYLINDER—2 
HORIZONTAL 
ENGINES... 


= se CYLINDERS 


<4 FOR SMOOTHER OPERATION 
Two power strokes per revolution 
reduces shock and vibration. 


4 FOR LOWER STARTING TORQUE 
Requires less power for starting. 


> MANUFACTURES OILFIELD : 4 FOR GREATER OPERATING 


> ENGINES IN THE SOUTHWEST : \ SPEED RANGE. 


> AREA, CONSEQUENTLY OUR : 
> CUSTOMERS ARE ASSURED : COMBINES THE ADVANTAGES 


> OF RAPID SERVICE AND: OF SLOW SPEED FOR RUGGED- 
: OVERNIGHT SUPPLY OF: NESS AND LONG LIFE WITH THE 
: SMOOTHER POWER DELIVERY 
OF EXTRA CYLINDERS. 





FOUNDRY & MACHINE COMPANY 
LUFKIN, TEXAS 


e: Houston ® Dallas © New York @ Tulsa @ Los Angeles © Seminole © Oklahoma City ® Corpus Christi © Odessa 
Kilgcre ® Wichita Falls ¢ Casper, Wyoming @ Great Bend, Kansas © Effingham, Illinois © Duncan, Oklahoma 
Brookhaven, Mississippi @ El Dorado, Arkansas . 
t in Canada handled by THE LUFKIN MACHINE CO. LTD., 1432] 108th Avenue, EDMONTON, ALBERTA, CANADA 
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“The biggest single contribution to 


the technique of deep drilling is the 
improvement in drilling fluids. We 
can overcome almost any drilling 
condition: adverse formations, higher 
pressures, higher temperatures, at rec- 
ord depths with today’s control tech- 


niques and improved mud materials.” 





Forahom 


this fact should be 


When the right mud can be the biggest single 


help to your drilling you want to trust such an 
important factor only to the best men and mate- 
rials available. 

That is why sound judgment dictates Baroid 
engineering service and Baroid mud products. 


BAROID P. O. Box 1675, Houston 1, Texas 


Please send me the latest technical information. 


NAME__ TIT 





COMPANY. 





ADDRESS__— 





<3 aR ZONE STATE siditiaeaitioaii 





*Combined opinion of seven drilling industry leader 
wering a survey by The Drilling Contractor, Aug., 19 


boltal to every rig 


Baroid has more total man-years of successful 
experience than you will find in any other mud 
company. Baroid has the industry’s highest quality 
mud products, proven by use in more wells tha: 
materials of all other mud companies. Don’t ris! 
costly footage — be safe — specify Baroid. 
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Main Office: P. 0. Box 1675, Houston 1, Texas 
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With Baroid Well Logging you know 
What’s at the bottom of the hole 


You know Whether oi] or £as exists 





you obtain microscopic Studies of 





Cuttings for lithology and Porosity 


ws 
you know the thickness of formations 


the drilling rate, and the condition 
and characteristics of the drilling 


fluid. These factors, correlated, give 


| a you a dependable log of your wel] — 
& = : | — ee checked while the drill is making 
hole ~— and tell you when further 











BAROID AUTOMATIC GAS DETECTOR testing is indicated 


Used by Baroid engineers for their Well 
Logging mud-and-cuttings analysis. . 
now available to you for use by your 
geologist and engineers. was it at the well Mail 
to determine coring depths, to interpret ail co : : 
electrical logs, to pinpoint zones to per- “pon today for more information. 
forate or DST, and to 
warn against possible 
blowouts. 
Can be installed at well 
site or in geologist’s 
field trailer or sample 
house. Only 4’ x 2’x 1%’; 
weighs 350 lIbs., uses 
only 300 watts of 115 
a ee, me er Ee ; BAROID P. O. Box 1675, Houston 1, Texas 
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Please send me your latest literature about Baroid Well 
Logging Service and your Automatic Gas Detector. 
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Coupon photos unretouched 


4 ; 
s 
T took only 30 days for the two steel coupons shown at right 
above to corrode almost away in the stream of a secondary- 
recovery well in Kansas. Both coupons, where not corroded 
through, are wafer thin. An anti-corrosion chemical was being 


fed at the rate of one pint per day, yet the average corrosion rate 
on the coupons was 216 mils % per year. 








In the same well, Visco-treated with the same amount of chemical 
per day, the coupons at left above showed a corrosion rate of 
only 8.1 mils per year after 29 days’ exposure 

Visco Chemicals cut the corrosion rate over 96%! 
For corrosion control resu/ts and treating economy, call your Visco 
Representative, now. 


* 1 mil=.001 inch. A corrosion rate of 216 mils per year means = 
that the corrosive attack, if uniform, would have corroded 
away the entire surface of the metal to a depth of .216 inches = 
in a year. However, the real danger of high corrosion rates, fe 
as the coupon shows, is the much deeper and faster penetra- < 


tion occurring at localized areas. 


VISCO PRODUCTS COMPANY 
INCORPORATED 


2600 Nottingham at Kirby, Houston 5, Texas 
Telephone: MAdison 0433 





Sie CONSISTENTLY EFFICIENT OIL INDUSTRY CHEMICALS 











Se i TT cH is THE | 


PRICELESS INGREDIENT 
OF EVERY PGAC JOB _, 
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PGAC DEVELOPMENTS “2 
Lead the Industry i 
Year After Year! cS. 


i nate ; 
1 Sate tom ; Developed ATLAS BULLET PERFORATING GUN - 6 A C | 


 t : ... still the world’s most powerful gun— 


aS) Tes atove Aes is and still used without # premium charge 
[hee : DEVELOPMENTS 
cc ageitee 1948 ) Developed JET SHOT PERFORATING TECHNIQUES 


... pioneered most effective field results 5) , - 
accomplished jet acceptance in oil fields C [; f / f 9 } hi 
omp trrienilec | mititation 
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Developed NEW GAMMA RAY INSTRUMENTS f j 
with quantitative calibration for more " 


’ ap cee %: Pais precise radioactive logging of formations NEVER EQUALLED 


Developed SIMULTANEOUS RADIATION LOGGING 
.. utilizing a pure neutron/neutron to avoid * 
faulty phenomena of detrimental gamma rays ‘ 


’ sitio Developed FOUR-RESISTIVITY-CURVE ELECTRICAL LOG 
: ... employing an 5. P. curve of greater detail 
for more accurate analysis of formations 


Developed JUMBO SIDEWALL CORE SAMPLING 
with larger cores more precisely located 
through the S. P. curve of electrical log 


ok dae ee 
: per AS 
> ’ $ 


Developed QUANTITATIVE EVALUATION OF POROSITY 
... through neutron/neutron log calibration — 
with accuracy never before obtained 


Developed “MIGHTY MOUSE” —CHAMP OF THE MIDGET GUNS 
... expendable 1%” jet perforator of 50% greater 
power for permanent-type wel! completions 


; oo eR al Developed ABSOLUTE CALIBRATION STANDARD for RADIATION SOURCE 
S sae .. . producing a Simultaneous Radiation Log of unequalled 
, repeatability regardless of radiation source strength 





ae . 
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ra ee 3 Developed SIMULTANEOUS 4-RESISTIVITY CURVE ELECTRICAL LOG 
ie t + 
: ie < ... simultaneously recording 4 resistivity curves 
———— without sacrificing the superior detail of 
eters: he PGAC’s S. P. curve 


PGAC-552 


4 bi Houston, Texas Telephone; LYnchburg 4161 
General Offices: 3915 Tharp St. — Sales Office: Melrose Bldg. — Main Plant: 7730 Scott St. 
READY TO SERVE YOU ... CALL THESE TELEPHONE NUMBERS FOR PROMPT SERVICE 


TEXAS: Houston, LYnchburg 4161 — Corpus Christi, TU-3-1324 — Dallas, RA-2943 — Longview, PL-9-4486 — Alice, 4-3424 — Abilene, 2-4172 — 
Wichita Falls, 2-7151 — Gainesville, HO-5-2501 — Odessa, 6-6428 — Beaumont, 2-4263 — Victoria, HI-5-1972 


Graham, 1728 — Pampa, 4-9932 


LOUISIANA: Shreveport, 3-1648 — Lake Charles, HE-9-4724 — Lafayette, 4- 2396. KANSAS: Great Bend, 4306 — Liberal, 4822. 
OKLAHOMA: Oklahoma City, CE-2-5342 — Pauls Valley, 1577 — Seminole, 2938—Healdton, 77—Ardmore, 857—Perry, 313. NEW MEXICO: Hobbs, 3-2015. 





. CANADA-Perforating Guns of Canada, ltd; Edmonton, Alberta 
AFFILIATE COMPANIES: GERMANY-Atlas Deutsch-Amerikanische Olfelddienst G. m. b. H.; Kiel 





the AUTHORS 





RoBertT C. RUMBLE is a research 
engineer for Humble Oil & Refining 
Co., Houston. He received a BS de- 
gree from Texas A&l and completed 
a year of graduate work at the Uni- 
versity of Texas. After six years with 
the International Petroleum Co. as 
geophysicist in South America and 
1% years with Western Electric Co. 
as field engineer attached to the Air 
Force, he joined the Production Re- 
search Division of Humble in 1945. 


G. A. Crogs joined Koninklijke/ 
Shell-Laboratorium, Amsterdam, im- 
mediately after graduation from the 
University of Groningen (Nether- 
lands) in 1951. He has worked pri- 
marily on the theoretical aspects of 
various problems in the field of oil 
production research. 


N. SCHWARZ, a graduate of the 
Technical University of Delft ( Neth- 
erlands), is leader of a reservoir en- 
gineering research group at Konin- 
klijke / Shell- Laboratorium, Amster- 
dam. He joined Shell in 1949 and 
began research work on crude oil 
dehydration and mechanics. 


MARCH, 1955 











Davip CORNELL has since 1952 
been assistant professor of chemical 
engineering at the University of 
Texas. He holds BS and MS degrees 
in chemical engineering from the 
University of Michigan and a PhD 
degree from fhe University of Texas. 
He has worked for 12 summers with 
Texas Petroleum Research Commit- 
tee and for two years with the Blaw- 
Knox Co. 


YusSuF K. SUKKAR received his 
BA in chemistry from American 
University of Beirut, Lebanon, in 
1951. He has received his MS de- 
gree in chemical engineering from 
the University of Texas and is now 
working towards his PhD. For the 
academic years of 1953-54 and 1954- 
55 he has been awarded the Gulf 
Corp. fellowship. 


D. L. GARTHWAITE, senior petro- 
leum engineer with Stanolind Oil and 
Gas Co., received his BS degree in 
mechanical engineering from the 


(Continued on Page 47) 


LATCH-ON CENTRALIZERS 
with the NEW 


KON-KAVE BOW 


B and W KON-KAVE 
BOW combines a curved 
cross - section, highest 
quality spring steel, 
drop forging, and the 
proper heat treatment 
to relieve all stresses 
created in forming and 
welding B and W KON- 
KAVE BOWS. 


FIRST 
IN THE 
FIELD! 


@ Strongest — greatest 
resistance to side thrust. 


@ Most resistance to 


deformation . . 


. 


@ Easiest to install and run. 


BW luc. 


Well Completion 


Phone WE-6603 


Specialists 
WEST COAST 
Box - 


Phone PL-6-9101 
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The JoURNAL will post notices of 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bldg., Dallas 1. These replies will be 
forwarded unopened and no fees are 
involved. 


PERSONNEL AVAILABLE 


yy Petroleum Engineer, BS, Univer- 
sity of Oklahoma, age 24, will com- 
plete military service in March 1955, 
married, one child. Desires position 
with major or independent oil com- 
pany. Locate within U. S. Code 236. 


yy Petroleum Geologist, presently 
employed in responsible position Gulf 
South. Age 37, married. Eleven years’ 
experience, reserve estimates, prop- 
erty evaluation, subsurface explora- 
tion, secondary recovery engineering, 
and geological consulting work. De- 
sires association in New York City 
or northeastern states with organiza- 
tion or individuals having petroleum 
or mineral interests. Code 237. 


yy Petroleum Engineer, graduate of 
Texas A&M, 27 years old, married. 
Four years’ experience in rig and 
reservoir work. Desires position with 
independent oil company. Presently 
employed. Code 238. 


yy Petroleum Engineer, 30, registered 
in Texas with seven years’ varied ex- 
ploitation and production experience. 
Thoroughly trained in reservoir 
engineering and production geology, 
with major company six years. Now 
with independent company but de- 
sires change. Married, two children. 
Code 239. 


yy Graduate with BS degree in pe- 
troleum engineering and BA degree 
in mathematics, interested in reser- 
voir engineering, desires position with 
oil company. One year’s experience 
in the field. Married, 26, writes and 
speaks fluently Arabic and French. 
Now employed. Code 240. 


yy Petroleum Engineer, 29, with five 
years’ experience in drilling, produc- 
tion, and reservoir engineering. Cur- 
rently employed with independent oil 
company. Prefers to work in West 
Texas-New Mexico area. Code 241. 


method of pumping oil wells is the 


KOBE Free Pump System 


KOBE INC. HUNTINGTON PARK, CALIFORNIA 


JOURNAL OF 


sy Reservoir Engineer, MS degree 
and four years’ experience in reser- 
voir valuation and secondary recov- 
ery programs. Now employed with 
major company. Code 242. 


yy Graduate Petroleum Engineer, 36, 
married, registered in Texas, desires 
position with independent oil pro- 
ducer in Midland, Tex., that requires 
initiative, resourcefulness, and hard 
work. Two years’ drilling and four 
years’ production experience. Pres- 
ently employed. Code 243. 


POSITIONS OPEN 


yy Petroleum Engineer, with MS or 
PhD in chemistry, mechanical or 





(Colloid, Physical, 
Inorganic ) 


CHEMISTS 


CHEMICAL 
ENGINEERS 


PETROLEUM 
ENGINEERS 


Ageressive oil well servicing com- 
pany has openings for the above 
classifications for work in re- 
search and development testing 
of new hydraulic fracturing tech- 
niques, and other oil and gas well 


stimulation methods. 


Advanced degree and oil field ex- 
perience helpful but not essential. 
Salary commensurate with train- 
ing and experience 


THE 
WESTERN 
COMPANY 


Employee Relations 
Department 


P. O. Box 310 


Midland, Texas 











PETROLEUM TECHNOLOGY 








* 


petroleum engineering, for research 
and teaching in reservoir mechanics 
and related fields at rapidly growing 
southwestern institution. Rank and 
salary open, 12 months employment 
possible, consulting work encouraged 
and available in immediate areas. 
Applications will be kept confidential. 
Code 572. 


yy Major Oil Company has openings 
in New York City and in its foreign 





CHEMICAL 
ENGINEERS 


PETROLEUM 
ENGINEERS 


CHEMISTS 
Colloid, Physical, 


Inorganic 


Expanding progressive oil well 
servicing organization has open- 
ings for the above engineering 
classifications in a new research 
group. Nature of duties will in- 
clude the conceiving and develop- 
ing of methods for stimulating 
the production of oil and gas 
wells. In addition, develop prod- 
ucts, equipment and techniques 
which can be used to accomplish 
the above and/or reduce the cost 
of servicing wells. 


operations for graduate petroleum 
engineers with experience, and for 
recent graduates in this field to per- 
form engineering work in develop- 
ment, production, drilling, process 
and oil and gas engineering on pri- 
mary and secondary recovery. Write 
giving full particulars regarding 
personal history and work experi- 
ence. Code 573. 

‘ Major university seeks applicants 
for teaching positions up to and in- 
cluding full professorship. Salary up 
to $8,500 for the school year de- 


pending upon qualifications. Reply 
giving full details, age, professional 
experience, academic record, publi- 
cations, references. Code 576. 


yy Research Engineer. Major oil re- 
search company has opening for 
PhD or MS with minimum of three 
years’ research experience in the field 
of reservoir mechanics. Opportunity 
for original work. Send detailed edu- 
cation and experience record, age, 
and state salary expected. Code 579. 


(Continued on Page 47) 





PICO GAS ANALYSER 


for 


USE AT WELLS ON CORES AND CUTTINGS 


Be 


Positive 


Make 
Good 
Decisions 
For 


Tests 


Fulfills 


A 


Geologists 
And 


Engineers 


Eliminates Trying To Taste And Smell Odorless Natural Gas 
Every geologist that sits on a well should have a PICO Gas 
(Analyser for detecting the presence of gas and hydrocarbons in cut- 
tings and cores. 
Ms a Since natural gas is practically odorless, it is very difficult to 
Salary commensurate with expe- taste or smell. Mud acids and chemicals also contaminate the cores 
rience and ability. and cuttings and make it impossible to detect anything but the chemi- 


cal odor present in some instances. 
The PICO Gas Analyser eliminates all doubt as to the presence of 
THE gas without tasting or smelling the core and measures the relative 


Minimum Requirements: PhD 
and 2 to 5 years research or oil 
field experience. 


volume of gas detected. Determines D.S.T. points, coring points, and 
zones for testing. 

The PICO instrument is very sensitive and detects total gases or 
methane gas. It is simple to operate and is self-contained with dry 
battery. It is housed in a cast aluminum case with a brass chamber 
for housing the cuttings or core under test. Complete instructions are 
provided with the equipment. License for use is provided under Smith 
patent No. 2,531,083. 

Price of complete PICO Gas Analyser: $590.00, F.0.B., Houston, 
Texas. Write for Literature 

Distributed b 


PETROLEUM INSTRUMENT COMPANY 


2200 West Alabama Street Box 6252 Houston 6, Texas 


Employee Relations 
Department 


P. O. Box 310 
Midland, Texas 














PROFESSIONAL SERVICES 


This space available only to AIME members 


Rates Upon Request 











AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oil and Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANS. 








E. L. ANDERS, JR. 


Consulting Petroleum Engineer 
Secondary Recovery 
Reservoir Analyses 

Oil Property Management 
230 Petroleum Building 
ABILENE, TEXAS 
Phone: 3-225) 








BALL ASSOCIATES 
Oll AND GAS CONSULTANTS 
Douglas Ball 
Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W. 
WASHINGTON, D.C. 








J. HOWARD BARNETT 
PETROLEUM CONSULTANT 


Casper National Bank Bldg. Phone 2-1758 


113 East Second St Casper, Wyoming 








ROBERT M. BEATTY 


Consulting Geologist 


Esperson Building Houston 2, Texos 








BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology, Engineering and Management 


3300 Republic Bank Bidg. 
Dallas, Texas $T-5331 








Oil and Gas Reserves — Appraisals 
Flooding — Technology 


J. RANDOLPH BUCK 


Petroleum Engineer 
National City Bidg. 
DALLAS, TEXAS 


STerling 1688 








JOHN L. JORDAN 


Analytical and Petroleum Chemist 
Podbielniak and Charcoal Analysis 
Water - Oil Field Brines 


CAMPBELL LABORATORIES 


Phone: Tulip 4-037! Corpus Christi, Texas 








CHEMICAL & GEOLOGICAL 
LABORATORIES 


Investigations Evaluations 
Petroleum Engineer 


Consu!tants 
James G. Crawford 
Ff. Raymond Wheeler 
P. O. BOX 279 


Petroleum Engineer 
CASPER, WYOMING 


CRUTCHFIELD AND PRUETT 


CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 
Donald D. Lewis 








EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East 2Ist St. 
TULSA 14, OKLAHOMA 
Phone: 9-6345 








EASTON & SACRE 


Consulting Petroleum Engineers 


E. M. Easton 
L. P. Sacre, Jr 
H. M. Allen 


1716 Oak Street Phone FAirview 5-5026 
BAKERSFIELD, CALIFORNIA 








WARD M. EDINGER 


Consulting Petroleum Engineer 
Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Oklahoma City, Okla FO-5-1421 








FITTING & JONES 
Engineering and Geological Consultants 
Ralph U. Fitting, Jr. 
J. R. Jones 
T. W. Hassell 
Nature! Gas 
Box 1637 
Midland, Texas 


Petroleum 
223 S. Big Spring St. 
Phone 4-445] 








ROBERT D. FITTING 


Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 


201 West Building Phone: 4-4922 








MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 


Houston 2, Texas Phone PR-6376 








HARRELL DRILLING 
AND 
OlL COMPANY 


Contract Drilling — Production 
Geological Appraisals 
MELROSE BUILDING 

HOUSTON, TEXAS 








GEORGE A. HOCH 


Thin Section Technician 
Unconsolidated Materials a Specialty 
Standard and Vacuum impregnated Sections 
DEPT. OF GEOLOGY 
FRANKLIN & MARSHALL COLLEGE, 
LANCASTER, PA. 


Box 7547 


E. W. HOUGH 
Emulsion and Paraffin Problems 
University Station 
Austin, Texas 


Registered Engineer in California and Texas 








Reserve Estimates 


KELLER & PETERSON 


Petroleum Consultants 
Reservoir Analysis 
Petroleum and Geological Engineering 
902 W. T. WAGGONER BLDG 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 
W. O. Keller L. F. Peterson 














R. W. LAUGHLIN 


Well Elevations 
Laughlin-Simmons & Co 
2010 S. Utica 
TULSA 4, OKLAHOMA 








LEIBROCK & LANDRETH 


Consulting Petroleum Engineers 
Valuations Reservoir Analyses 
Proration — Geological Investigations 
Property Management Well Completions 
WILKINSON-FOSTER BLDG 
MIDLAND, TEXAS 
Phone 2-7500 P. ©. Box 605 
GEORGE H. LANDRETH R. M. LEIBROCK 








MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 


Engineering - Geology - Management 
131 Central Bidg Phone 2-5216 


MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson 








WAYNE L. McCANN 
Petroleum Engineering and Geology 
SHREVEPORT, LOUISIANA 


Petroleum Building Phone: 2-8023 








M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions 
Production, Workovers 
Property Management 


Hapip Bidg Williston, 
3-4642 North Dokoto 








NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses - Water Flood Projects 
Natural Gas Enginee-ing 
Gas Storage Reserv-sirs 
EVANSVILLE, INDIANA 
219 COURT BUILDING PHONE 5-8154 








OILFIELD RESEARCH 


Reservoir Engineering 


1907 DIVISION, EVANSVILLE, 
INDIANA 


Phone: 7-1508 (Night 6-0608 or 6-4882) 
Service Laboratories 


Core Analysis 


Mt. Vernon, Ill. Paintsville, Ky. 
Phones: Day 513! or Night 1160 
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ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oil Property Valuation 
306 N. Cliffwood Ave., Los Angeles 49, 


California 
Telephone: GRanite 2-2632 








PETROLEUM CONSULTANTS 


Engineering and Geology 


E. O. Bennett James O. Lewis 


TRAFFORD & ASSOCIATES, LTD. 


Geological, Petroleum Engineering and 
Management Consu/tants 


E. Trafford Phones 
R. Pot Wales Hotel Bidg. 692591 
J. B. Newland 10th Floor 61212 
K. R. Stout Calgary, Alberta 61224 








CHARLES C. (RUSTY) WILLIAMS 
Geologist — Geophysicist 


Williams Seismograph, Inc. 


Statistics Preprint Offered 


A 40-page preprint entitled Sum- 
mary of Oil and Gas Development 
and Production in 1954 is available 
free-of-charge from the Petroleum 
Branch office, 800 Fidelity Union 
Bldg., Dallas. The material in this 
preprint was presented at the Annual 
Production Review Session on Feb. 
14 during the AIME Annual Meet- 
ing. Covered in this booklet are re- 


D. G. Hawthorn ports on the United States, Canada, 
South America, Europe, Far East, 


and Middle East. kak 


M. D. Hodges 


Houston 2, Texas 


252 South Green Street Phone 62-7274 


1552 Esperson Building WICHITA, KANSAS 

















PETROLEUM ENGINEERING 
INCORPORATED 


Petroleum and Geological Engineering 
Core Analysis - Appraisals 
Development and Operation of 
Water Flood Projects 
ROBINSON, ILLINOIS 


CONTROLS BACTERIA IN 
WATER FLOODING 


X-CIDE 


INDUSTRIAL BACTERICIDE 


BOX 239 








PETROLEUM TECHNOLOGISTS 


Production Research - Core Analysis 
Secondary Recovery 


868 Truckway, Montebello, Calif. 


NORRIS JOHNSTON PArkview 1-5338 








PISHNY AND ATKINSON 


Engineers and Geologists 
Valuation of Oil and Gas Properties 


2412 Continental Life Bidg. 
FORT WORTH, TEXAS 
Chas. H. Pishny 


a eal fretolite company product 


Burton Atkinson 








X-CIDE is a water soluble liquid organic bactericide de- 
signed to prevent the growth of anaerobic and aerobic 
micro-organisms found in both fresh and salt water sys- 
tems. It is particularly effective against the sulfate reduc- 
ing organisms which convert sulfates to hydrogen sulfide. 
Hydrogen sulfide is objectionable because of its extreme 
corrosiveness, which also causes soluble iron to precipi- 
tate as insoluble iron sulfide, resulting in the plugging of 
injection formations. 

In addition, X-CIDE is an effective corrosion inhibitor 
which ‘‘plates out'’ on metal surfaces to form a tough, 
protective, corrosion-resistant film. 

Laboratory studies indicate X-CIDE to be very effective 
against the Pseudomonas organisms. This fact is par- 
ticularly pertinent, in that the Pseudomonas organisms 
are able to build a resistance to quaternary ammonium 
chlorides, widely used as bactericides in water flooding. 


HARRY H. POWER 
Oil and Gas Consultant 


University Station 
Austin, Texas 


Box 7542 








E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 


Wood Building, 624 Locust Street 
EVANSVILLE, INDIANA 








R. WAYNE RUSSELL 
PETROLEUM CONSULTANT 
Engineering and Geology 


DALLAS, TEXAS 
625 Reserve Loan Life Building 
Phone ST-3020 








JOHN HOWARD SAMUELL 


Specializing in Bank Valuations 
Geologist and Petroleum Engineer 
Compton Building Box 732 


Phone 4-4493 and 4-4597, Abilene, Texas 


For complete information on X-CIDE, or the other helpful Tretolite 
Company products and services, ask your Tretolite Field Service 
Engineer or write to 


TRETOLITE COMPANY 


& DIVISION ¢ 








WM. H. SPICE, JR. 
Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 


SUBSURFACE 
ENGINEERING COMPANY 


Experts in Field Testing, Sampling and 
Analyzing Reservoirs and Reservoir Fluid 
for Reservoir Studies 
WRIGHT PETROLEUM LABORATORY 
Home Office: Box 1827, Tulsa 
Frank Purdum 


369 Marshall Avenue, St. Louis 19, Missouri 








5515 Telegraph Road, Los Angeles 22, California 


DEMULSIFYING « DESALTING + SCALE 
INHIBITING « COFR-ROSION PREVENTING 
PARAFFIN REMOVING « BACTERICIDES 
WATER DE-OILING . PRODUCTION 
STIMULATION +« ASPHALT ADDITIVES 


Specialized 
Chemicals and 
Services for the 

Petroleum Industry 














This all-around pump is particularly effi- 
cient in abrasive, sandy, or dirty fluids, 
and in wells with unusually high bottom- 
hole temperatures which cause unequal 
expansion of metal plungers and barrel 
tubes with critical fits. 


The “fluid seal” principle in the design 
offers a number of advantages over con- 
ventional rod pumps: The free-falling 
plunger and small bore subject the rods 
to less stretch and strain . . allow pump- 
ing at a greater strokes-per-minute rate; 
plunger friction and working parts wear 
are negligible. The valves are fitted with 
standard A.P.1. size balls and seats; no 
special sizes are needed. A no-go ring on 
the standing valve seals off the seating 
area immediately above the hold-down, 
an important feature for sandy wells. 


12’, 15’, 18’, and 25’ pumpsin2”x 1%" 
and 24%” x 1%" sizes are available from 
leading stores throughout the oil country. 
IIlustrated literature on request. Harbi- 
son-Fischer Mfg. Co., 2501 Virginia St., 
Post Office Box 127, Fort Worth, Texas. 


HARBISON-FISCHER 


FORT WORTH, TEXAS 


PERSONALS 





WILLIAM B. (BEN) ADaIR has 
been promoted to chief engineer of 
Macco Oil Tool Co. He will remain 
as chief sales engineer of the Hous- 
ton Division of Macco, a position 
he has held since March, 1954. The 
petroleum engineering graduate of 
Texas A&M worked with Associated 
Engineers in Houston prior to join- 
ing Macco in Feb., 1953. 


* 


FRED H. POETTMANN will be the 
engineering supervisor for The Ohio 
Oil Co.'s Research Laboratory to be 
located near Denver. Before joining 
The Ohio in January, he had worked 
for the American Gas Association 
and Lubrizol Corp., the Phillips Pe- 
troleum Co., and Oklahoma A&M 
College. Born in Germany, Poett- 
mann studied in the United States 
at Case Institute of Technology and 
received his ScD degree in chemical 
engineering from the University of 
Michigan. 


* 


E. W. BERLIN has been appointed 
general representative of Socony- 
Vacuum’s operating subsidiaries in 
Indonesia. Stationed at Djakarta, he 
will have administrative supervision 
over Stanvac’s exploration, produc- 
ing, refining, marine, and pipeline 
transportation, and sales activities in 
the Indonesian republic. He has had 
29 years of experience in the petro- 
leum industry, 26 of which have 
been in the international field. 


* 


ROGER C. HAMEL, JR., is now 
vice-president of the Victoria Bank 
& Trust Co. of Victoria, Tex. He is 
in charge of the Oil and Gas Dept., 








* 


oil property evaluation, oil loans, and 
loan servicing. He has been with 
Humble for the past eight years, 
having served for the past 2/2 years 
as district petroleum engineer at 
Brookhaven, Miss. 


WARNER M. KELLy has been 
named South Texas division manager 
for Otis Pressure Control, Inc. He 
has been with Otis for 10 years, serv- 
ing most recently as Caliper Dept. 
division manager of South Texas. 
Prior to joining Otis he was with 
Edwards Drilling Co. and Pan-Amer- 
ican Production Co. 


* 


JOHN J. JUSTEN is now with So- 


cony-Vacuum Oil Co. of Canada on 
a special assignment. His office is 
located in the Barron Building, Cal- 
gary, Alberta. Justen was working 
with Magnolia Petroleum Co. in 
Dallas prior to receiving this special 
assignment. 


* 


CoLiIn C. RAE has retired from 
active work as assistant to the presi- 
dent of Skelly Oil Co. He has been 
engaged for 42 years as geologist, 
petroleum engineer, and executive 
for various oil companies and U.S. 
Geological Survey in California, Wy- 
oming, and Mid-Continent areas. He 
contributed to the discovery of gas 
and later oil in the Big Sand Draw 
field, Wyo. The AIME member since 
1920 now has plans for travel and 
recreation. 


* 


GORDON H. FISHER is now vice- 
president in charge of all field opera- 
tions of Plymouth Oil Co. with offices 
located in Sinton, Tex. Prior to ac- 
cepting this position he was assistant 
to the vice-president for exploitation 
of Gulf Oil Corp., Fort Worth. 
Fisher is a past local section chair- 
man and in 1948 was chairman of 
the Branch Publications Committee. 








Local Section Meeting Schedule 


Petroleum Branch records indicate that the men listed 
below as chairmen are either newly-elected for 1955 or 
are serving unexpired terms after being elected in 1954. 
When available, the normal meeting date of each section 
predominantly petroleum in membership is listed. 


The Branch office would appreciate receiving any ad- 
ditions or corrections to this list, so that all chairmen 
may be listed correctly and normal meeting dates may be 
published for each local section in future publications. 


BILLINGS PETROLEUM SECTION: Meets in Billings, Mont. Chairman, Charles 
F. Hunkins, Northern Pacific Railway, Billings. 





DALLAS SECTION: Meets third Monday each month in Dallas. Chairman, 
R. F. Madera, Republic Natural Gas Co., Dallas. 





DELTA SECTION: Meets second Tuesday each month in New Orleans. Chair- 
man, B. L. Francis, Texas Co., New Orleans. 





DENVER PETROLEUM SFCTION: Chairman, Robert Hoss, Midwest Oi! Corp., 
Denver. 





EAST TEXAS SECTION: Meets second Tuesday each month at Gregg County 
Airport. Chairman, John Calvert, Humble, Tyler. 





FORT WORTH SECTION: Meets third Tuesday each month in Fort Worth 
Chairman, Lewis H. Bond, Jr., Fort Worth National Bank, Fort Worth. 





GULF COAST SECTION: Meets third Tuesday each month in Houston. Chair 
man, Roy A. Bobo, Phillips, Houston. 





HOBBS PETROLEUM SECTION: Meets in Hobbs, N. M. Chairman, H. P 
Shackelford, Tidewater Associated Oii Co., Hobbs. 





HUGOTON LOCAL SECTION: Meets in Liberal, Kans., and Guymon, Okla 
Chairman, James C. Keaton, Hugoton Plains Gas & Oil Co., Hooker, Oklo. 





ILLINOIS PETROLEUM SECTION: Meets first Thursday each month in Salem, 
tlt. (No meetings in July and August.) Chairman, Ray R. Vincent, C. L. 
McMahon, Inc., Evansville, Ind. 





KANSAS SECTION: Meets second Wednesday ir Wichita and fourth Thurs- 
day in Great Bend. (No meetinys in June, July, and August.) Chairman, 
James R. Paul, Dowell, Wichita. 





LOU-ARK SECTION: Meets third Monday each month in Shreveport, La 
Chairman, B. F. Patterson, Jr., Texas Co., Shreveport. 





MID-CONTINENT SECTION: Meets second Monday each month in Tulsa; 
study group meets fourth Tuesday each month. (Luncheon meetings each 
Thursday, Mayo Hotel.) Chairman, M. B. Penn, Mid-Continent Petroleum Co., 
Tulsa. 





MISSISSIPPI SECTION: Meets in Laurel, Jackson, and Natchez, Miss. Chair 
man, E. J. Grady, Gulf Refining Co., Natchez. 





NEW YORK PETROLEUM SECTION: Meets in New York City monthly. Chair 
man, H. E. McAuliffe, Jr., Socony-Vacuum Co., New York City. 





NORTH TEXAS SECTION: Meets second Monday ecch month in Wichita Falls. 
Chairman, A. J. Kerr, Lane-Wells, Wichita Falls 





OKLAHOMA CITY SECTION: Meets at noon third Thursday each month in 
Oklahoma City. Chairman, R. K. Mcivor, Consuitant, Oklahoma City. 





PANHANDLE LOCAL SECTION: Meats in Pampa, Tex. Chairman, Joe M. 
Daniel, Jr., Texas Co., Pampa 





PERMIAN BASIN SECTION: Meets third Monday each month in Midland or 
Odessa, Tex. Chairman, A. L. Carpenter, Humble, Odessa. 





SAN JOAQUIN VALLEY SECTION: Meets first Tuesday alternate months (Feb- 
rvary-December) in Bakersfield, Calif. Chairman, C. A. Davis, Richfield Oil 
Corp., New Cuyama, Calif. 





SOUTHERN CALIFORNIA PETROLEUM SECTION: Meets in Los Angeles. Chair- 
man, H. M. Stanier, Sunray Oil Corp., Los Angeles. 


JUNIOR GROUP: Meets second Thursday each month ct Turf Club in Rivera, 
Calif. Chairman, J. P. Garten, Lorg Beach Oi! Development Co. 





SOUTH PLAINS SECTION: Meets third Thursday each month in Lubbock, Tex. 
Chairman, Donald E. Hewitt, Brownfield, Tex. 





SOUTHWEST TEXAS SECTION: Meets third Wednesday each month in Corpus 
Christi. (No meetings in July, August, and December.) Chairman, Robert R. 
Wallace, Seaboard, Corpus Christi. 





VENEZUELA PETROLEUM SECTION: Chairman, Marc Glover, Barcelona. 





WEST CENTRAL TEXAS SECTION: Meets third Wednesday each month in 
Abilene, Tex. Chairman, Joe B. Jenkins, Stanolind, Abilene. 





WYOMING SECTION: Meets in alternate months in Casper and Rock Springs, 
Wvo. Chairman, Charlies C. Johnston, Intermountain Chemical Corp., Green 
River, Wyo 


to 








HAVE YOU CHANGED YOUR ADDRESS? 


In order that publications and correspondence may reach 
you promptly, the Petroleum Branch, AIME, should be 
advised as soon as possible of any change in your address, 
preferably a month before the change becomes effective. 
For the AIME directory and for the Personals column of 
the JounnaL or Petroteum TecHNOLocy, additional infor- 
mation is desired. The form below is provided for your 
convenience, and should be sent to Petroleum Branch, 


AIME, 800 Fidelity Union Bldg., Dallas 1, Tex. 
Name Membership No._ 


Old Address____ 





New Address 
for 
Publications___ 


Title or Position Held 


Address for___ 
Directory 
Listing ___ 


List below your former title or company position, nature of 
your new position, or other information of interest to your 
associates for publication in the JourNAL or PETROLEUM 
TECHNOLOGY. 


One month normally required for change of address. 











Two-Cylinder Proportioning Pump, Synchronous Motor Drive 
63 Discharge Rates Through Quick Change Gear Box 


INSTRUMENTS for the Oil Industry 


Ruska Instrument Corporation specializes in 

the development and manufacture of scientific 

instruments for the oil and mining industries. 
® Reservoir Engineering 


e Pressure Measurement 
Ask for New 


® Volumetric Pumps CATALOG 


e Core Analysis 


Ruska Instrument Corporation 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 
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vu RUST-B 


(Continued from Page 39) 
Missouri School of Mines in 1948. 
He joined Stanolind after graduation 
and is currently employed in the res- 


ervoir engineering section of the Cas- 
per Div. office. QO ws I N 


Inside or out—in any climate—on storage tanks 
or finely-machined parts—you can depend on Humble 
RUST-BANS to stop corrosion. 


Industries of all kinds in 28 different 

countries around the world are solving 

F. K. Kneee is the reservoir en- their corrosion problems with the RUST- 
gineering section leader with Stano- BANS, and other products in Humble’s 


lind Oil and Gas Co., in the Cody, complete line of protective coatings. 
Wyo., district office. He received his 

BS degree in mechanical engineering Humble makes a family of protective 
from Colorado A&M in 1948. Since coatings for use in a variety of locations— 
that time, he worked in the Elk even under severe working conditions. 
Basin and Rangely fields prior to his 

transfer to Cody in 1952. A photo- 

graph and biographical sketch of x 

F. M. STEWART appeared in the Send for the Humble book: 

Sept., 1954, issue of the JOURNAL OF ii z ‘ mt 

Perace sues Taba let, “Protective Coatings.” For 





RELA REE, 3 Bade advice on corrosion problems, 
Employment Notices call on the Sales Technical 


(Continued from Page 41) Service Division of the Hum- 
yy Linguists—Petroleum Engineers ble Company. No obligations, 
and Geologists wanted for attractive of course. 
free-lance or part-time connection 
with country’s leading technical lit- 
erature research organization. Duties ‘ 
entail translation and editing of sci- HUMBLE OIL & REFINING 
entific research papers in petroleum COMPANY 
engineering, geology, geophysics, and P. O. Box 2180 
related subjects. We are interested 
in all European and Far East lan- 
guages. Fluent knowledge of English 
in addition to foreign language is 
imperative. All replies held confiden- 
tial. Submit outline of qualifications 
and resume to: ATS, P. O. Box 271, 

East Orange, N. J. 


Houston, Texas 





POSITION AVAILABLE 

Petroleum engineer for develup- 
ment and field work. Large and 
expanding chemical company with 
established markets for its prod- 
ucts in petroleum production has 
opening in research and develop- 
ment for a recent graduate in 
petroleum engineering. Headquar- 
ters and laboratories in eastern 
seaboard. Work will consist of 
evaluating the company’s products 
in the laboratory for suitability in 
oil production and conducting 
field trials of those showing prom- 
ise. Code 580. 
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T’S NEW | 


AND INFORMATIVE 


TO AID YOU! 








learn how Cooper-Bessemer compressors 
Tue new Cooper-Bessemer M-Line Bulletin offers you complete C@/f) cut your CO, sts! 


information on economically meeting compressor requirements from 
100 to 5000 horsepower. This interesting 44-page booklet simply 
and fully explains how and why Cooper-Bessemer compressors assure 
you maximum trouble-free performance at minimum operating 


expense. 


Additional bulletin features include complete data on design, lubri- 
cation, automatic controls, cylinders, motor and drives, specifications 


and photographs of various compressor installations. 
Cooper-Bessemers offer you new, unusual plus fea- 
tures that are paying off in job after job. To find 
out about them, send for your M-Line Bulletin today. 





MOUNT VERNON, OHIO 


9 i 
COOPER-BESSEMER 


GROVE CITY, PENNA, 


New York City © Seattle, Wash. © Bradford, Pa. © Chicago, Ill. 

Houston, Dallas, Greggton, Pampa and Odessa, Texas 

Washington, D. C. © Shreveport, la. © San Francisco, Los 

Angeles, Calif. © St. Lovis, Mo. ® Gloucester, Mass. © New 

Orleans, La. ¢ Tulsa, Okla. © Cooper-Bessemer of Canada Ltd., 
Edmonton, Alberta—Halifox, Nova Scotia. 


er naieee Ree 


THE COOPER-BESSEMER CORPORATION 13 
Mount Vernon, Ohio 


Please send me Bulletin M-70 on Cooper-Bessemer M-Line 


Compressors, 


Company 
Street Address 


RN a ya i 
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2/2 STROKE 
25 HP 





DIRECT 






FLOW 








PY Bo} ited, 






TRIPLEX 






PUMP! 


APPLICATIONS 





This latest addition to the Aldrich 
line embodies all of the outstand- 
ing features of design and con- 
struction that have made Aldrich 
Pumps famous—plus low cost. 
Rugged construction assures long, 
dependable service life. Sectional 
fluid-end design provides maxi- 
mum economy in maintenance 
and repair. Write today for 
descriptive Data Sheet 63. 

Sizes: plunger diameters from 
2! to '»’’ for pressures from 
390 psi to 20,700 psi. Displace- 
ment from 109.6 gpm to 2.08 gpm 
(3758 to 71 bbls/day). 








—6 Ft. 
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—4 Ft. 














—3 Ft. 


—2 Ft. 
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ROLL BALANCING bei 
WATER FLOODING : 
PRESS OPERATION : 
HYDRAULIC TESTING 5: 
CHEMICAL PROCESSING 5 zs 

th € p um p com p a ny » « « Originators of the " 
Direct Fiow Pump 
30 PINE STREET e ALLENTOWN PENNSYLVANIA 

Representatives: Bushnell Controls & Equipment Co., Inc., 5137 West Jeffer Bivd., Los Angeles 16, Calif. « Cross Pump & Equipment Co., P.O. Box 889, Charleston 23, W. Va. Lloyd T. Gibbs Co., mnt 

1021 Petroleum Bidg., Tulsa 3, Okla. « Lloyd-Smith Co., Inc., Bradford, Pa. * Walter Norris Engineering Co., Civic Opera Bidg., 20 North Wacker Drive, Chicago 6, Ili. » Power Specialty Co 

P.O. Box 6365, 2000 Kipling Street, Houston 6, Texas; The Suburban Bidg., Room 204, 5526 Dyer Street, Dallas 6, Texas « B.G. Harmon Service & Equipment Co., P.O. Box 309 


(Farm Bureau Bidg.), Carmi, III. ¢ Stearns-Roger Manufacturing Co., 1720 





a Street, Denver 2, Colo. « Export: Petroleum Machinery Corporation, 30 Rockefeller Plaza, New York 20 N.Y 
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LEAVING MONEY 
IN THE GROUND? 


w ATPET 


Oil wells which have lost production due to 
water blocks can be stimulated effectively by 
means of ATPET 931. Developed by Atlas—the 
world’s leading producer of surface active 
agents—this remarkable chemical practically 
eliminates the force causing water in the pro- 
ducing sand to block oil flow, and restores pro- 
duction. ATPET 931, a surface tension depres- 
sant, is also valuable in well completions .. . 
and as an assistant in fracturing and acidizing. 


WEEE Scores of successful treatments 


have been made in major producing fields. Many 
service companies recommend and use it because 
of its efficiency. 


WEEE Average treatment cost totals 


less than $500. Payout time is in days instead of 
months. 


‘it's efficient.) percent of successful treatments 


is unusually high. The efficiency and low cost of 
ATPET 931 have made it a “best buy” for pro- 
duction superintendents. 


Ca Aree 931 gives you 
field-tested performance and economy. For tech- 
nical data, write or call your nearest Atlas office 


today, or contact your service company. 





S31 


HOUSTON, TEXAS 
3272 Westheimer Road 
Justin 5561 


ST. LOUIS, MO 
3615 Olive Street 
Jefferson 3-2538 


LOS ANGELES, CALIF. 
411 W. Fifth Street 
Michigan 8896 


CHICAGO, ILL 
135 La Salle St. 
Franklin 2-9530 


SAN FRANCISCO, CALIF. 
1 Montgomery Street 
Garfield 1-8640 


CHEMICALS 
DEPARTMENT 


TLAS 


POWDER COMPANY 
WILMINGTON 99, DELAWARE 


ATLAS POWDER COMPANY, CANADA, LTD. 


BRANTFORD, CANADA 








-LUSH JOINT 
PRESSURE EQUALIZER 


GIVES FASTER 
SAFER, EASIER RUN 


F Ov 


one of many reasons why 


HALLIBURTON’S BEST 
FOR YOUR DRILL STEM TEST! 











You not only save time but help protect the formation, too, when this 
Pressure Equalizer is on the testing string. And that’s exactly why 
Halliburton designed it for straddle packer tests. 





The device equalizes pressure above and below the packers after 
they're set —adds a lot to the safety, accuracy, ease, and speed of 
the test. The by-pass permits testing string to go in hole faster and 
easier. And less time is lost if packers leak, for this is shown imme- 
diately at the surface and tools can be pulled for a re-run. 


The Pressure Equalizer helps eliminate possibility of formation break- 
down by hydraulic pressure, for no compression of fluid occurs as 
lower packer expands. And the chance of sloughing formation is min- 
imized by making sure formation below packer is always subjected to 
hydrostatic pressure of drilling fluid. 























This tool is one of many fine things on Halliburton’s testing string. 
Added to the benefits of Halliburton’s Hydro-Spring Tester, Bourdon 
Tube Pressure Recording Device, and Hydraulic Adjustable Choke, 
there are hundreds of reasons why Halliburton’s Best for your drill 
stem test. 

















Get this faster, safer, more accurate test -- make your job easier, better, 
more successful—just phone your local or district office of the Halli- 
burton Oil Well Cementing Company. 


HALLIBURTON sesrinc service 


AWAY FROM 
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a BBL./DAY, 125+ W.P. STABILIZING DESORBER 




















ee es ae es 


dhhsthi stitute: 


— 








1, - ste ius len ncaa nora 





A NATIONAL ““LTX SYSTEM” 
PER UNIT VOLUME OF WELL EFFLUENT PRODUCED 


GIVES 


O Maximum Stable Distillate Recovery 
@ Maximum High Pressure Gas Sales 
© Maximum Trouble Free Performance 


The ability to operate with or without the injection of Glycol or other 
hydrate inhibitors. 


NATIONAL 
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A SUBSURFACE 


R. C. RUMBLE 
MEMBER AIME 


ABSTRACT 


To meet the need for a subsurface flowmeter capable 
of measuring low rates of flow, a new type flowmeter 
has been built and tested in the field. This instrument 
is self-contained, can be run on a wire measuring line, 
and may be run through 2-in tubing. It consists of a 
rotameter flow-measuring assembly used in conjunction 
with a conventional subsurface instrument clock and 
chart. Integral with the tool is an inflatable packer 
which, by effecting a seal between casing and tool, 
diverts all fluid through the metering assembly. Packers 
of different size adapt the tool to different sizes of 
casing or liner. The flowmeter is capable of measuring 
rates of flow as low as 4 B/D. 

The flowmeter has been run experimentally in seven 
wells. It has yielded satisfactory results in five of the 
wells, and in the other two it failed to operate because 
of loose sand in the hole. 


INTRODUCTION 


One of the oldest problems facing the producing 
branch of the petroleum industry is the location of 
depths of entry of fluid into a wellbore and the deter- 
mination of the amount of fluid entering at each depth. 
This problem is often encountered in oil and gas wells 
completed in single producing horizons as well as in 
multiple pays; it is a common problem in oil wells 
which produce excessive volumes of gas. 

Several subsurface instruments designed to detect and 
meter flow in the producing interval of wells have been 
described in the literature."*’' Most of these, however, 
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FLOWMETER 


HUMBLE OjL & REFINING CO. 
HOUSTON, TEX. 


were apparently intended for use in wells producing at 
relatively high rates of flow, and consequently lack sen- 
sitivity to low flow rates. Because of this and of other 
possible disadvantages inherent in these instruments, 
development of the subsurface flowmeter described in 
this report was undertaken. 


DESIGN OF FLOWMETER 
DESIGN REQUIREMENTS 


In considering the requirements for a flowmeter that 
would not be subject to the limitations of devices exist- 
ing at the time work was started, attention was first 
given to the size of the tool. Such an instrument should 
be of sufficiently small diameter that it could be lowered 
readily in 2-in tubing in a producing well. The flow- 
meter should contain a recording unit so that it might 
be run on a wire measuring line with conventional reel- 
ing equipment. It should not be too long to be accom- 
modated by a portable lubricator of the type used for 
running conventional subsurface instruments. The meter- 
ing mechanism of the flowmeter should not be affected 
appreciably by the viscosity or density of the flowing 
fluid. 

Such an instrument should record flow rates in the 
range from less than 10 B/D to over 100 B/D. To 
achieve this, a packer should be provided to divert 
through the instrument all fluid flow in the wellbore. 
This packer should be of such nature that in the event 
of excessive flow the fluid would bypass the instrument 
instead of forcing it up the wellbore. 


GENERAL DESCRIPTION 

A flowmeter incorporating most of the desired fea- 
tures outlined above was developed and built. The in- 
strument is an elongated tubular device terminated on 
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Fic. 1 — SCHEMATIC DIAGRAM OF SUBSURFACE 
FLOWMETER. 


its upper end by a fishing neck to which the support- 
ing wire line is attached. The upper portion of the 
instrument, shown schematically in Fig. la, is the 
metering and recording assembly. Metering of the fluid 
flowing in the well is accomplished by means of a 
modified rotameter, or variable-area meter, through 
which fluid flowing upward raises a bob or float to 
a height unique for the particular rate of flow. A time 
record of the height of the float above its initial or 
rest position is made by a stylus that moves vertically 
with the float and contacts a rotating chart mounted 
in the conventional clock and chart mechanism used 
in Humble bottom-hole pressure and temperature 
gauges. 

The packer assembly, or lower portion of the flow- 
meter, is shown schematically in Figs. 1b and Ic. This 
portion of the instrument attaches directly to the lower 
end of the metering and recording assembly. The 
packer assembly includes at its upper end a thin rubber 
packer mounted on a hollow collapsible mandrel. The 
packer is enclosed in a metal sleeve to protect it from 
abrasion when the flowmeter is lowered into the well 
through the tubing. After the flowmeter has reached 
the lowest depth at which a measurement is desired, 
and after the elapse of a predetermined interval of 
time, the sleeve around the packer is retracted auto- 
matically and the packer is freed for inflation and 
setting at the desired depth. The packer may then be 
filled with well fluid and set by slackening of the wire 
line. After sufficient time has elapsed for a flow meas- 
urement to be made, the packer may be collapsed and 
unsealed by raising the instrument. Then it can be reset 
by slackening the wire line at successively higher levels 
for as many flow measurements as desired. After meas- 
urements have been completed, the flowmeter may be 
brought back into the tubing and to the surface with 
no difficulty. 


ae 


DETAILS OF INSTRUMENT 
SIZE 


The flowmeter is approximately 72 ft long and, 
when the packer is enclosed in its protecting sleeve, 
has a maximum outside diameter of 156 in. The record- 
ing and metering assembly accounts for about 2% ft 
of the total length, and the packer assembly for the 
remainder. The weight of the instrument is roughly 
40 Ibs. Since the instrument is somewhat larger than 
a conventional subsurface pressure gauge, it requires 
a slightly larger lubricator than that used in subsurface 
pressure work. 


METERING AND RECORDING ASSEMBLY 


A rotameter was selected for the metering element 
because it can be easily fabricated with the desired 
sensitivity over a considerable flow range, and above 
this range can pass fluid at very high rates of flow 
without metering it. The rotameter consists of an up 
right conical chamber in which the float, circular at 
any horizontal cross section and approximating in max- 
imum diameter the neck of the conic chamber, is free 
to seek its level when fluid is directed upward through 
the chamber. The float has a hole concentric with its 
neutral axis so that the float may move freely in the 
chamber along a vertical guide rod mounted centrally 
in the chamber. A rotameter is essentially a constant 
pressure-drop device with the pressure drop dependent 
on the weight, density, and maximum diameter of the 
float. The sensitivity of the device, that is, the amount 
that the position of the float varies vertically for a 
change in flow rate, depends on the taper of the meter- 
ing chamber. The float is shaped to minimize effects 
of varying fluid viscosity on the readings, and by using 
a high-density float the effect of varying fluid density is 
minimized. 

It was decided that for use in a subsurface flow 
meter the rotameter should give positive indication of 
flow at extremely low rates and should meter flow in 
excess of 100 B/D. To achieve this, the conical shape 
of the rotameter chamber was altered to incorporate 
a short cylindrical section below the conic section, so 
that even a small flow would raise the float the full 
height of the cylindrical section of the chamber 

The clock and chart mechanism used for recording 
movement of the float must be enclosed in a fluid-tight 
chamber. In order to record the position of the float 
during a flow measurement without resorting to some 
type of packing gland around the linkage connecting 
the float to the chart stylus, use was made of magnetic 
coupling. 

In order to do this, the float is made in modified 
cylindrical form to incorporate a hollow cylindrical 
magnet. It is mounted to slide on a hollow non-magnetic 
stainless steel guide tube fixed along the neutral axis 
of the rotameter chamber. A small solid cylindrical 
follower magnet, similar in length to the float magnet, 
was installed inside of the guide tube. This follower 
magnet, to which is attached a thin, light, aluminum 
tube terminated by a stylus, aligns itself to the height 
of the outside magnet when the two magnets are polar- 
ized oppositely. The bottom end of the guide tube is 
sealed against the well pressure, and the upper end, 
through which the stylus rod projects, opens into the 
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clock case. The stylus rod projects up inside the rotat- 
ing chart case and records on the chart the height 
of the metering element as a function of time. The 
stylus rod is prevented from rotating with the chart 
by three projecting arms, each with bearings which 
are free to move only longitudinally in a slotted sta- 
tionary member which also projects up into the chart 
case. The stylus projects through a fourth slot in this 
slotted member. 

With this arrangement, flow rates of as low as 4 bbl 
of liquid per day are perceptible, and a rate of 125 
B/D gives a stylus movement of 5 in. Flow rates be- 
tween 4 and 125 B/D give displacements of the float 
which are almost linear with flow rates. In this range 
of flow the pressure drop across the metering element 
is equivalent to about 5 in of water head. This pres- 
sure drop increases as the rate of flow exceeds about 
125 B/D. 


PACKER ASSEMBLY 


The packer used to divert all flow through the rota- 
meter chamber consists of a preformed football-shaped 
bladder made of thin oil-resistant rubber. Packers of 
different diameters are used for different pipe sizes. 
The packer is attached by ring-shaped clamps at its 
ends. One clamp is fixed to the end of a hollow mandrel 
projecting through the bladder along its neutral axis. 
The other clamp slides along the mandrel. Inside the 
bladder, six thin stainless steel springs about 14 in 
long connect the two clamps, with their ends hinged 
to the clamps. These are mounted equally spaced about 
the packer mandrel. Ports in the mandrel are so ar- 
ranged that when the packer clamps are telescoped 
slowly the springs first bow outward and draw well 
fluid through the ports to fill but not stretch the packer. 
Further telescoping covers the mandrel ports and sub- 
jects the entrapped fluid to compression, which causes 
the packer to assume a toroidal shape when not con- 
fined by a wellbore. In a borehole the packer thus 
forms an effective low-pressure seal between instru- 
ment and wellbore. On the flowmeter this rubber form 
is folded about the mandrel and is protected by a hollow 
enveloping cylindrical metal sleeve when the instrument 
is lowered into the well. 

A spring-loaded dashpot filled with a viscous silicone 
fluid serves as a timer which, after a preselected time 
interval, triggers a release. This release allows the well 
pressure to force the protecting sleeve down off the 
packer, which action in turn causes a set of three de- 
pendently acting dogs to project out from the instru- 
ment. These dogs are mounted below the packer man- 
drel and, when released, prevent further lowering of 
the bottom section of the instrument in the wellbore. 
After the dogs have been released and contact the well- 
bore, any slackening of the wire line supporting the 
instrument causes the packer section to telescope, thus 
effecting a seal between instrument and wellbore. Fluid 
flowing in the wellbore is diverted through ports into 
the rotameter chamber for measurement. 

If the flow rate in the well is greater than about 160 
B/D, the pressure drop across the rotameter equals 
the pressure drop which the packer will withstand, and 
fluid by-passes the packer. This feature was incorporated 
intentionally so that high flow rates would not blow 
the instrument up the hole. Should measurements of 
rates greater than about 125 B/D be required, the 
rotameter may be modified to accommodate them with 
no alteration of the packer. 
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INJECTION FLOWMETER 


In order to adapt the flowmeter for measurement of 
downward flow in wellbores, a special metering section 
was made which is interchangeable with the metering 
assembly described above. In a conventional rotameter 
the force tending to restore the metering float to its 
initial or lower-most position is the force of gravity. 
In a rotameter suitable for measurement of downward 
flow an inverted conical chamber must be used, and 
some constant force acting upward must be applied to 
the float. In the metering assembly designed for down- 
ward flow, this constant restoring force is obtained from 
the buoyant force imparted to a plastic cylinder totally 
immersed in mercury. This force is transmitted by a 
thin rod linkage joining the plastic cylinder to the float. 
The deviation from constancy of this force with position 
of the totally immersed plastic cylinder is equal to the 
variation of the buoyant force acting on the thin rod, 
and, percentagewise, this is a small portion of the total 
buoyant force. 


135 BPD 


— 


INDICATED RATE OF FLOW 


WELL WELL ON 


i 


SHUT IN 





GAS LIFT 
pb c 


ELAPSED TIME 




















a Packer set 

b Packer unseated 

c Packer set at higher level 
d Packer unseated 


FiG. 2 — CHART-FLOWMETER SURVEY OF OIL WELL ON 
Gas LIFT. 





OPERATING PROCEDURE 


In the field operation of the instrument, a chart is 
inserted in the clock case and the clock is wound and 
returned to its case. In inserting the clock an iden- 
tifiable mark of some sort is made at the initial posi- 
tion of the stylus, and the exact time is recorded. Then 
the dashpot is cocked by removing the instrument nose 
and retracting the dashpot piston to its extreme posi- 
tion. After the time has been recorded, the instrument 
nose is replaced, and the instrument is lowered in the 
well in the manner used in lowering bottom-hole pres- 
sure instruments. When the instrument has reached a 
depth equal to or greater than the lowest survey point 
desired, the reel brake is set and the instrument is kept 
at this level until the required time interval has elapsed 
for the dashpot to trigger the packer sleeve release. 
Flow rate readings are then taken at the desired depths 
by first raising the instrument in turn to each desired 
depth and then slackening the line. A line tension indi- 
cator is used to ascertain correct functioning of the 
dogs. The record, then, is like a vertical bar graph, 
with the widths of the bars indicating reading time 
durations, and the heights of the bars indicating flow 
rates. 


RESULTS OBTAINED WITH FLOWMETER 


Tests made in the laboratory in which the flowmeter 
was placed in a plastic pipe of 8-in diameter showed 
that the packer inflated satisfactorily and would sup- 
port a pressure differential across it of as much as 
2 ft of water. Additional laboratory tests made by 
flowing water through the plastic pipe at known rates 
demonstrated that the rotameter section operated suc- 
cessfully. The results of the latter tests were used in 
the calibration of the tool. 

In the use of the subsurface flowmeter in the field, 
runs have been made in seven wells in six fields. These 
runs have been made under a variety of well conditions 
and have served to reveal limitations of the tool as well 
as to demonstrate its potentialities. 

Runs made in one of the seven wells were for the 
purpose of testing operation of the tool under optimum 
well conditions. A chart obtained during a run in this 
well is reproduced in Fig. 2. The well, which produces 
oil by gas lift, is completed. through perforations in 
stub liner set inside 5%2-in casing. The tool was run 
through 2-in tubing while the well was shut in and 
was stopped in the casing at a depth of about 5,950 ft, 
which was a short distance below the bottom of the 
tubing and above the top of the stub liner. The well 


was then placed on production by gas lift at a rate of 
approximately 130 BOPD, and the packer was set. 
After sufficient time for a flow reading had elapsed, 
the packer was unseated by raising the tool several 
feet. Then it was reset at the higher level. 

The flow rates indicated by the chart were about 
135 B/D at the first setting, and about 120 B/D at 
the second setting. The time intervening between the 
two settings was about 10 minutes. It is not certain 
whether the difference in the two indicated rates was 
real and due to heading of the produced fluid, or 
whether the difference was due to instrumental causes. 

The runs made in the other six of the seven wells 
were for the purpose of diagnosing well performance, 
rather than for checking operation of the flowmeter 
itself. The six wells included one water injection well, 
which provided an opportunity for use of the modifica- 
tion of the flowmeter designed for measurement of 
downward flow. In four of the six wells the results 
were satisfactory from the standpoint of yielding the 
information sought on well behavior. In the other two, 
loose sand was encountered which fouled the tool so 
badly that it would not operate. Since it is anticipated 
that loose sand will be found in many wells in which 
subsurface flow measurements are desired, measures are 
being taken to minimize difficulties from this source. 


SUMMAR ¥ 


In summary, the subsurface flowmeter embodying a 
rotameter flow measuring element and an inflatable 
packer which diverts all flow through the rotameter 
has proved to be reasonably successful in the field. 
It has been run experimentally in seven wells and has 


yielded information valuable from the operating stand- 
point in five of the seven wells, encountering difficulties 
because of loose sand in the other two wells 
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ABSTRACT 


This paper reports the results of a series of model 
displacement experiments carried out for measuring the 
efficiency of the water-drive process. This series forms 
a continuation and extension of that described by Engel- 
berts and Klinkenberg. Detailed information has been 
obtained on the influence of the oil/water viscosity 
ratio. The results are represented in the form of a 
diagram from which both the oil recovery and the 
water/oil ratio can be easily read off as a function of 
the total production (oil plus water) for all values of 
the viscosity ratio M between 1 and 500. 

These results are viewed in the light of the two exist- 
ing theories on water flooding, viz. that of Buckley and 
Leverett and that of Dietz. 

It is shown that if the Buckley-Leverett theory ap- 
plies, the relation between the relative permeability ratio 
and saturation, which plays a major role in this theory, 
can be calculated with a high degree of accuracy from 
the results of the model experiments. 

Dietz’s theory is found to be in agreement with the 
experimental results in a certain range of circumstances 
A discussion of the physical background of the Buckley- 
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Leverett and Dietz theories makes it clear why the 
latter fails to agree with some of the experimental 
results. 


INTRODUCTION 


For an economical exploitation of oil fields both a 
rational control of natural (primary) recovery processes 
and a proper application of artificial (secondary) recov- 
ery methods are essential. These require detailed in- 
formation upon the dependence of the relevant flow 
processes on the variables by which they are governed. 

Three methods are available for obtaining this in- 
formation: (1) (statistical) analysis of actual field 
data; (2) appropriately scaled model experiments; and 
(3) mathematical analysis of the physical problem. 

If sufficient data were available, the first method 
would, in principle, be the most reliable one, although 
it has the drawback that the basic relationships between 
the variables involved are to a large extent obscured by 
the natural inhomogeneities of most reservoirs. 

The most profitable procedure seems to be: (a) deter- 
mining the fundamental relations for idealized reservoirs 
by methods (2) and (3); (b) checking the consistency 
of the results obtained by these two methods; and (c) 
establishing the range of applicability of these methods 
to actual reservoirs by comparison with the data accum- 
ulated under (1). 

In this paper items (a) and (b) are dealt with for 
the case of homogeneous loose sands initially saturated 
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Fic. 1— APPARATUS FOR Mopet DISPLACEMENT 
EXPERIMENTS. 


with oil that is subsequently displaced by linear com- 
plete water drive. 

Pertinent model experiments have been carried out 
by Leverett et al.’, and by Engelberts and Klinkenberg’. 
Their (mainly qualitative) results have confirmed that 
the oil/water viscosity ratio M is one of the major 
factors governing the efficiency of the displacement 
process, particularly at high values of M. The provision 
of detailed and quantitative data with respect to the 
influence of this ratio on reservoir performance is the 
first purpose of this paper. 

Two. theories on the displacement of oil by water 
have been proposed, by Buckley and Leverett’ and by 
Dietz’, respectively. The second purpose of this paper 
is to check the concurrence of the above experimental 
results with theoretical predictions. 


MODEL EXPERIMENTS 

The variables governing flow of mass or energy can 
be combined to a limited number of mutually inde- 
pendent dimensionless groups which suffice to define 
the process. For the study of such flow phenomena as 
occur in nature or industry, they are often simulated 
in the laboratory on a reduced scale. If the geometry 
in such experiments is made similar to that in the proto- 
type, and if in both cases the dimensionless groups 
are given the same values, the experiments are dimen- 
sionally scaled and are called model experiments. 

Model experiments are extensively used to study prob- 
lems of hydro- and aerodynamics and of heat transfer. 
Their use in oil production research has hitherto been 
rather restricted, although they offer the great advan- 
tage of eliminating end effects that make the interpreta- 
tion of non-scaled experiments difficult. 

The model used in the experiments described in this 
paper is a tube of | m length and 6.2 cm diameter, 
filled with sand. The sand is saturated with oil which 
is subsequently displaced by water. The outflowing oil 
and water are measured as a function of the input. The 
model may be compared to a section of an unconsoli- 
dated oil sand that is linearly flooded by water. 

The experiments are an extension of those done by 
Engelberts and Klinkenberg’, use being made of the 
same dimensionless groups, viz.: 
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The experiments were carried out in the apparatus 
shown in Fig. 1, which is essentially the same as that 
used by Engelberts and Klinkenberg. 

From a storage tank distilled water is pumped by a 
plunger pump at a constant rate of 2.05 10°* m/sec 
into the stainless steel model tube containing the oil- 
saturated sand. The oil produced is measured in an 
inverted graduated cylinder filled with water, and, as 
a check on the constancy of the pump, the total pro- 
duction is measured in an open graduated cylinder. 
The apparatus is placed in a thermostat room at 25°C. 
Fig. | shows a double set-up in which two experiments 
are run simultaneously. 

After each experiment the sand in the tube is cleaned 
by washing it with chloroform and acetone and dried 
by blowing air through it. The sand is then ready to 
be resaturated with oil. This is done by means of an- 
other pump, the tube being kept in a vertical position. 
The oil is fed in at a very low rate and, in the case of 
low viscosity oils, under reduced pressure, so as to 
avoid the inclusion of air bubbles in the sand. 

Use was made of a 20-30 mesh sand having a per- 
meability of 2 10° md and a porosity of 33 per cent 
and of an SAE 30 lubricating oil. The viscosity ratio 
was varied by mixing the oil with kerosene. 

As stated in the introduction, the objective of the 
present experiments was to evaluate quantitatively the 
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influence of the oil/water viscosity ratio on the dis- 
placement process. For this reason the group »,/17, 
was varied from 1 to 500, while the other groups were 
given constant values listed in Table 1. 


TABLE 1 — VALUES OF DIMENSIONLESS GROUPS 
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EXPERIMENTAL RESULTS 


The experimental results obtained for a given oil/ 
water viscosity ratio M can be most conveniently rep- 
resented by a plot of the cumulative total (gross) pro- 
duction Q vs the cumulative oil production R (recov- 
ery), both expressed as a percentage of the initial oil 
in place. If M is given several values, a set of curves 
results, viz. one for each value of M. In each point of 
the curves the instantaneous water content W of the 
fluid produced (water cut) can be derived by means 
of the relation 

dR 


dQ 
Now another set of curves Q vs R can be constructed 
for various constant values of W. 

However, it was found that even after eliminating 
all possible sources of experimental errors, the data 
accumulated still show appreciable scattering, partic- 
ularly the derived W values. A suitable method of 
averaging these data had, therefore, to be developed. 
This problem could be solved with the help of Fig. 2, 
which gives the values of the recovery KR at break- 
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VOL. 204, 1955 


400 300 200 160 
350| 250 


T 


164 
90 70 50 35 25 2 
| 440 80 | 60 ail 


60 70 80 90 /00 
CUMULATIVE Ol. PRODUCTION(R)/N % OIL IN PLACE 


PRODUCTION ACCORDING TO MopEL EXPERIMENTS. 


through and at gross productions Q of 100, 200, 500, 
and 1,000 per cent of oil in place as a function of the 
logarithm of the viscosity ratio M. 


This graph shows that: 


In the region 500 > M > 40 the curves Q = con- 
stant are approximately straight lines. 


In the region 1 < M < 40 the curves Q = con- 
stant approach a limit of R = 85 per cent for 
M = 1. 


The “best fitting’ curves were drawn through the 
experimental points. From these (averaged) curves 
the plots Q vs R (for M constant) could easily be 
drawn (Fig. 3). The water cut W was then determined 
graphically, using Equation 1, for various values of R. 
Interconnection of the points representing equal values 
of W yields the curves Q vs R for W = constant, which 
are also given in Fig. 3. Since Q vs time is a known 
function, the functions R and W vs time can also be 
derived from Fig. 3. 

The straight line in Fig. 3 connecting the points 
(0,0) and (100,100) represents W = 0, i.e. the pro- 
duction of dry oil. At the points where the curves 
depart from this line, water breakthrough occurs for 
the particular viscosity ratio corresponding to the curve. 
In these points W appears to rise sharply from 0 to a 
certain value > 0. 

The physical factors determining the shape of the 
curves Q. vs R for M constant, in the range of interest 
as shown in Fig. 3, are fundamentally different for 
high and for low viscosity ratios. 

For M > about 100 the viscous resistance to flow 
after breakthrough will be much greater for oil than 
for water. The water will travel through the sand in 
channels (fingers), leaving patches of oil untouched. 
The water cut will show a sharp rise, whereas the 
cumulative oil production will increase but slowly: we 
are in the typical viscous fingering region. The lower 
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the value of M, the less pronounced these phenomena, 
and in the region of 100 > M > 40 the water cut 
increases more slowly. For still lower values of M the 
amount of oil retained by capillary forces (the residual 
oil, about 15 per cent of oil in place) is the controlling 
factor of the displacement after breakthrough. The 
cumulative oil production approaches this limit of the 
ultimate recovery very soon after water breakthrough, 
and the rate of oil production declines rapidly, as is 
illustrated by a steep bend upwards of the curves and 
a sharp increase of the water cut. 

The above is further borne out by the Q vs R curves 
for W constant. These curves appear to converge to 
one point on the right-hand side of the figure. This 
can easily be explained from the behavior of an ex- 
tremely fluid crude. In this case no fingering will 
occur. The M = constant line will coincide with the 
straight line through the points 0,0 and 100,100, the 
0 per cent water line, until a production of 85 per cent 
is reached. From that moment onwards only water will 
be produced (W = 100 per cent) so that the vertical 
straight line R = 85 will be followed. Thus all curves 
W = constant should converge to a point in the neigh- 
borhood of (85,85). From Fig. 3 it can be seen that 
M = | is a good approximation for a low-viscous oil. 

The principle of the application of these diagrams 
for the prediction of reservoir performance can best be 
illustrated by an example. 

Given: a linear water-drive reservoir with character- 
istics such that the dimensionless numbers are in the 
same range as those of the present experiments; vis- 
cosity ratio, 60; gross production rate, 20 per cent of 
the oil in place per year. 


Questions: 


1. What is the breakthrough recovery and after what 
time does breakthrough of water occur? 


2. When will the economic limit (e.g. 98 per cent 
water in the production) be reached, and how much 
oil has been recovered at that moment? 
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Answers: 


1. Fig. 2 shows that the breakthrough recovery is 17 
per cent of oil in place under these conditions. Break- 
through will occur after 0.17/0.20 0.85 years. 


2. From Fig. 3 it is found that the economic limit 
(W = 98 per cent) is reached at a total production of 
670 per cent of oil in place, that is after 34 years of 
production. The recovery at that moment is 60 per 


cent of oil in place. 


It must be borne in mind that the data presented 
apply to homogeneous unconsolidated reservoirs and 
that as yet only one set of values for the dimension- 
less groups (apart from M) has been investigated. For 
predicting the performance of linear water drive in the 
same type of reservoirs, but characterized by other 
values of these groups, further model experiments are 
required. 


THEORIES ON THE WATER-DRIVE PROCESS 


The two existing theories on the water-drive process 
are that of Buckley and Leverett’ and that of Dietz’. 
In the following discussions it is assumed that gravity 
and capillary forces may be neglected with respect to 
the viscous forces. The displacement process is con- 
sidered to take place in a rectangular formation of 
length /, height A and unit width. The co-ordinate in 
the direction of flow is x, that perpendicular to it is y. 
Thus 0 < x < /, and 0 < y < A. The initial oil/ water 
interface (x = Q) is assumed to be perpendicular to 
the direction of flow. With these assumptions the two 
theories can be characterized as follows. 

According to the Buckley-Leverett theory the invad- 
ing water progresses with the formation of a front, cf. 
Fig. 4A. The water is evenly distributed over the entire 
reservoir height, i.e. the equi-saturation lines (dotted in 
the figure) are parallel to the original oil/water inter- 
face. 

Oil and water flow simultaneously through a porous 
medium with a relative permeability K, to oil and a 
relative permeability K, to water. K, and K,,. are func- 
tions of the oil saturations s, and thus of the water 
saturation s, = | a 

Application of the Buckley-Leverett theory is ham- 
pered by the difficulty of measuring the relative per- 
meability vs saturation curves that form the starting 
point of the calculations according to this theory. 

In the Dietz theory it is assumed that the water in- 
vades the oil reservoir in the form of a water tongue 
along the bottom (Fig. 5). 
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Fic. 5——-WaATER SATURATION AND SHAPE OF THE WATER 
TONGUE ACCORDING TO Dietz (SCHEMATIC). 
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So 
Fic. 6 — RELATIVE PERMEABILITY RATIO vs Or SATU- 
RATION ACCORDING TO BUCKLEY-LEVERETT’S THEORY. 


The oil saturation in the invaded region is instantly 
reduced to the residual oil saturation s,, so that there 
is always a definite interface between the invaded and 
uninvaded zones. Oil and water flow separately: the 
oil, ahead of the interface, through a porous medium 
with an irreducible (fixed) water saturation s, and 
therefore a constant relative permeability K’ to oil, 


the water in the water-invaded part through the water 
tongue with height AY(x), a fixed oil saturation s, and 
thus a constant relative permeability K’ to water. 


Application of the Dietz theory is considerably sim- 
pler than that of the Buckley-Leverett theory because 
only two points of the (questionable) relative permea- 
bility curves have to be known. It should be remarked 
that the Dietz theory is not affected by assuming the 
presence of more than one water tongue, if only the 
total height of the water tongues is at any moment 
equal to that of the corresponding single tongue in any 
cross section perpendicular to the direction of flow. 
If there are a great many water tongues, the difference 
between both theories fades away as regards the dis- 
tribution of oil and water. 


CALCULATION, FROM THE EXPERIMENTS, OF 
THE RELATIVE PERMEABILITY RATIOS 
USING BUCKLEY-LEVERETT’S THEORY 


The most straightforward check of the theories would 
be to calculate directly from them the relation between 
cumulative total production (Q) and cumulative oil 
production (R), both expressed as a fraction of the 
oil in place for different values of the oil/ water viscos- 
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ity ratio (M), and to compare the results with the 
diagram obtained from the model experiments. 


It is difficult to apply this procedure to the Buckley- 
Leverett theory owing to the uncertainty of the values 
of the relative permeabilities. But it is possible to cal- 
culate the relative permeability ratio (K,/K,) vs oil 
saturation (s,) function from the experimental data. 


For this purpose a relation between the oil saturation 
s, at the outflow end x = / of the model tube and R 
and Q can be derived (cf. Fig. 4B): 


J -s,. 


1 
R= —— wads, Oe 
i(1 ‘| 


5, 
Se 
Il—-s.—-S. 1 


A= + xds,. (2) 
l-s, 1(1 — s,) 


S; 





The basic equation, relating position along the path 
of flow, saturation and time in terms of the total amount 
of water entering the system, is given in Reference 3 
(Equation 5). In our nomenclature it may be written: 


dw 


So 


x=-—(1—s.)1Q 


Substitute (3) into (2): 


Pipe 5. i Pp 
i” mi 
1 


~ Fes 5.4 


where W, is the value of W for x = I. If s, = s,, no oil 
can further be recovered and thus W = 1. 


From (4) the equation relating s, to Q and R results 
(W is written for W.; W is related to Q and R by (1): 


o=Ky 
eK, 
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Fic. 7 — COMPARISON OF THE RELATIVE PERMEABILITY 
Curves WITH LEVERETT’S DATA. 





s =(l1-s.)[(1-R+Q(1-—W)] (5) 


this equation has been derived previously by Welge’, 
Equation 7. 


From Darcy’s law as used by Buckley and Leverett 
(neglecting capillary and gravity forces) : 


K.k dP 

Vo = a 
nm ax 
Kk dP 
Nw dx 


It follows that the water content of the emerging fluid 
is given by: 

W = v,/(v + Vw) 1/(1 Kunw/Ken.) . (6) 
which is identical with Equation 3 of Reference 3. 


With the aid of (5) and (6) the curve K,/K, vs s, 
can be constructed, for every value of M at which the 
relationship between Q and R is known, by plotting 
M (1 — W)/W against (1 s.) [1 R+Q(1 W)}, 
Fig. 6. In our experiments no connate water was _pres- 
ent, i.e. s, = 0. 

The graph presents striking evidence for the inde- 
pendence of the relative permeability ratio from the vis- 
cosity ratio. Although this fact has been stated earlier 
by Leverett’ and others, the spread in the results of 
their direct measurements does not allow an unam- 
biguous conclusion. The spread in the results presented 
in Fig. 6 is much smaller, so that the method proposed 
seems to be a more accurate way of determining K,/K,, 
values than direct measurement. However, more experi- 
ments with other values of the dimensionless groups are 
required to confirm the data obtained. 

By trial and error, K, and K,, vs s, curves have been 
derived from the curve of Fig. 6, in such a way that the 
best possible agreement is obtained with Leverett’s ex- 
perimental data. The result is demonstrated in Fig. 7. 


CALCULATION, FROM THE EXPERIMENTS, OF 

THE “RELATIVE PERMEABILITY RATIO” K’/K’ 

AND THE RESIDUAL OIL SATURATION OF 
DIETZ’S THEORY 


The Q vs R curves can be calculated directly from 
the Dietz theory if the values of the relative permea- 


K , 
- and of the residual oil saturation s, are 
, 


bility ratio 


known. 

Equations will now be derived that allow the value 
of K’/K’ (which should be independent of Y), to be 
determined from the experimental data. 


Darcy’s equations as used by Dietz read 


K¢k dP 
(1 Y) — 


No dx 
Kik ap 


, 
Nw dx 
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Fic. 8 — PERMEABILITY RATIO vS HEIGHT OF THE OU 
LAYER ACCORDING TO DikETz’s THEORY (s 0.24). 


From these, Equation 18 of Reference 4 follows: 


y 


dw 
dY [Y 
where a = K’ 9 /K’ 7. 

The equation for the Dietz theory corresponding to 
Equation 3 for the Buckley-Leverett theory can be 
derived by substituting (8) in Equation 25 of Refer- 
ence 4. It reads: 

du 
ol i s wee” Tehike Sa 
Sq dy 


From Fig. 5 it can be shown that 


Substituting (9) into (10): 
1 

y.4. : 

=z, 


R +O | dw O(1—W.) . (11) 


Ww. 
Dropping the subscript ¢, (11) can be written as: 


1 5. 
Y - [R-Q(1 Wah) «via: 2 ha 
Se 
With the aid of (7) and (12) K’/K’ can be found 
for every value of M at which Q is known as a func- 
tion of R, if a certain value of s, is assumed. In Fig. 8 
K’/K*, is plotted vs | Y, for s 24 per cent. 
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it can be seen that only in the left part of the diagram 
do the points lie more or less on a horizontal straight 
line, as they should. The discrepancy in the right-hand 
part can be explained by the following considerations. 

The theory of Buckley and Leverett and that of Dietz 
are believed to represent the two extreme possibilities 
of the water-drive mechanism. 

When water displaces oil from a porous medium, 
somewhere along the oil-water interface the water may 
intrude farther into the oil-bearing layer than corre- 
sponds with the position of the interface. This can 
be initiated, for instance, by a slight inhomogeneity 
of the formation. The resulting pressure distribution 
will subsequently cause the water to flow preferentially 
into the “fingers” formed. The process is cumulative. 
A second important phenomenon associated with water- 
oil displacement processes is the existence of a capillary 
transition zone between the oil-bearing and water-bear- 
ing parts of the formation. 

When displacement experiments are carried out in 
a narrow tube, narrow in the sense that the dimen- 
sionless group Apgh \/k/y cos @ is small, the capillary 
forces will “smear out” the fingers. In this case the 
water saturation is essentially constant throughout a 
cross section and Buckley and Leverett’s theory applies. 

In a very “wide” tube or in a “thick” oil sand, 
Apgh \/k/y cos © being large, the thickness of the 
transition zone will be small as compared with the other 
dimensions involved. Dietz’s theory of a water tongue 
by-passing the oil corresponds with the extreme case 
of a negligible value of this thickness. However, the 
tip of the tongue will be thin in any case, and there 
will therefore be a region where it is not permissible 
to assume that the thickness of the transition zone is 
small as compared with the thickness of the tongue. 
For thick sands this region will be comparatively un- 
important. 

The above suggests that there exists a minimum 
tongue thickness, below which deviations from Dietz’s 
theory may be expected. According to Fig. 8 this value 
is Y,.=~0O.5 for our experiments. For wider tubes 
the region of deviation might be expected to be smaller, 
but this point remains to be checked by additional 
experiments. 

In the experiments described in this paper the group 
Apgh \/k/y cos © had a value of 0.04* as compared 
to, say, 0.04 — 4 in heavy oil fields. Thus the tubes 
used may be called “narrow,” corresponding to “thin” 
oi! sands. 

For such thin sands the Dietz theory has only a 
limited value; for thicker sands it might have a wider 
applicability, possibly even for the major part of the 
flooding process (except the initial stage). 

A more complete theory should take into account 
the Buckley and Leverett process in the transition zone, 
or in other words, constitute some combination of the 
two theories with more emphasis on the one or the 
other, depending on the dimensionless group Aggh 
Vk/y cos @. Attempts to bring about such a combina- 
tion have as yet met with little success. 





“In conventional, unsealed, displacement experiments the group in 
question usually has a value of 0.002. 
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CONCLUSIONS 


|. If a given homogeneous unconsolidated oil-sat- 
urated sand is flushed with water at a given uniform 
rate and the cumulative oil production R at given values 
of the cumulative gross production Q is plotted against 
the logarithm of the oil/water viscosity ratio M, then 
(a) for 500 > M > 40 the curves Q = constant are 
straight lines, and (b) for M < 40 the curves QO = 
constant converge to a limiting value of R; this limit 
marks the maximum ultimate recovery which can be 
obtained by water drive. 


2. A diagram is presented from which the cumulative 
oil production (recovery, R) and the instantaneous 
water content W of the production, both as a function 
of the cumulative total production and therefore of 
time, can be read off for oil/water viscosity ratios M 
in the range from | to 500. This diagram is intended 
for application to homogeneous reservoirs that are being 
produced by linear water drive. 


3. The relative permeability ratio as a function of 
saturation can be calculated with greater precision by 
means of the Buckley-Leverett theory from the results 
of dimensionally scaled model experiments than by 
direct measurement. 


4. The relative permeability ratio thus derived from 
our model experiments conforms to the results of earlier 
investigators, viz. that it is independent of the viscosity 
ratio of oil to water. 


5. The experimental data are in agreement with the 
Dietz theory if the thickness of the water tongue at 
the end point of the tube is greater than half the 
diameter of the tube. For thicker tubes it is to be 
expected that the agreement will cover a larger range. 
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NOMENCLATURE 


= K’ »,/K< », = mobility ratio (Dietz) ; 


porosity; 
= acceleration due to gravity; 
= thickness of the formation perpendicular to 
direction of flow; 
= one-phase permeability; 
= relative permeability to oil; 
= relative permeability to water; 
= relative permeability to oil in the unflooded 
region (Dietz); 
= relative permeability to water in the flooded 
region (Dietz); 
length of the formation parallel to direction 
of flow; 
»./ Hw» = Oil/water viscosity ratio; 
P = pressure; 





Of pe ae, 
If (1 — s.) 


vdt = cumulative total produc- 
tion expressed as a frac- 
tion of oil initially in 
place; 


v,dt = cumulative oil produc- 
tion expressed as a frac- 
tion of oil initially in 
place; 


= breakthrough recovery expressed as a fraction 


of oil initially in place; 


= saturation; 


connate water saturation; 


1 — % — 8:3 


= oil saturation at the outflow end of the tube; 
= oil saturation; 


residual oil saturation; 


water saturation; 
dQ 
v, + vy = If (1 — s.) — = total flow rate 
per unit area; 
dR 
lf (1 — Se) rs = oil flow rate per unit area; 
¢ 


water flow rate per unit area; 
Vy d (Q-R) 


v dQ 


at the outflow end of the 
tube it equals the water cut, 
i.e. the instantaneous water 
content of the production; 


- W at the outflow end of the tube (the sub- 
script e has been omitted throughout the 
text; only if confusion had to be avoided 
was W, written instead of W); 


co-ordinate parallel to direction of flow; its 
physical meaning is restricted to0 < x < /; 


= ¢0-ordinate perpendicular to direction of flow: 
its physical meaning is restricted to 
O<y<h; 
y 
; more specifically the ordinate of the oil 
h water interface (Dietz) as a fraction of 
formation thickness; O0< Y < 1. 
= Y at the outflow end of the tube; 
= slope of the formation; 
= interfacial tension oil/ water; 
= dynamic viscosity of the oil phase; 
= dynamic viscosity of the water phase; 
difference in density between oil and water 
phases; 
= contact angle of the oil/water interface with 
the sand grains. 


REFERENCES 


Leverett, M. C., Lewis, W. B., and True, M. E.: 
“Dimensional-Model Studies of Oil Field Behavior,” 
Trans. AIME (1942), 146, 175 


Engelberts, W. F., and Klinkenberg, L. J.: “Labora- 
tory Experiments on the Displacement of Oil by 
Water from Packs of Granular Materials,” Proc. 
3rd World Pet. Cong., Section II, 544 (1951). 


Buckley, S. E., and Leverett, M. C.: “Mechanism 
of Fluid Displacement in Sands,” Trans. AIME 
(1942), 146, 107. 


Dietz, D. N.: “A Theoretical Approach to the Prob- 
lem of Encroaching and Bypassing Edgewater,” 
Koninkl.Ned.Akad.Wetenschap., Proc., (1953), B56, 
83. 


Leverett, M. C.: “Flow of Oil-Water Mixtures 
Through Unconsolidated Sands,” Trans. AIME 
(1939), 132, 149. 


Welge, H. J.: “A Simplified Method for Computing 
Oil Recovery by Gas or Water Drive,” Trans. 
AIME (1952), 195, 91. tok 


PETROLEUM TRANSACTIONS, AIME 
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ABSTRACT 


The fundamental differential equation for fluid flow 
has been rearranged, integrated numerically for natural 
gases, and the results presented in tabular and graphical 
form suitable for the direct calculation of vertical gas 
flow problems. The integration is rigorous except for 
the use of a constant average temperature. Both static 
and flowing bottom-hole pressures may be calculated by 
this method without resort to trial and error procedures. 


INTRODUCTION 


Bottom-hole pressures can be determined either by 
direct measurement with a bottom-hole pressure gauge 
or by calculation. Since measurement with a bottom- 
hole pressure gauge is costly, calculation of bottom-hole 
pressures is to be preferred when possible. Calculation 
involves knowledge of the wellhead pressure, the prop- 
erties of the gas, the depth of the well, the flow rate, 
the temperature of the gas, and the size of the flow 
line. These quantities must be combined in a suitable 
equation for vertical flow. Several equations have been 
developed for the purpose of calculating gas flow 
through both horizontal and vertical pipes’****"*". 
These equations all have the basic differential equation 
for flow as their starting point. They differ only in the 
assumptions which are made in order to simplify the 
integration step. The bottom-hole pressures calculated 
using any of the better known equations are in good 
agreement with bottom-hole pressures calculated by a 
more rigorous but considerably more tedious stepwise 
integration method. All of these methods, however, 
require a trial and error solution for the calculation of 
flowing bottom-hole pressures. The purpose of this 
paper is to present a method which provides a direct 
solution of static and flowing boitom-hole pressures 
without use of a trial and error solution. At the same 
time the method involves fewer simplifying assumptions 
than any of the previous methods used, except for the 
lengthy stepwise method. 





1References given at end of paper. 
Paper received in the Petroleum Branch office June 25, 1954. 
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THEORY 


The derivation of any practical flow equation begins 
with the basic differential equation which is rigorous 
for almost all flow problems. 

(g) (dL) 
(V) (dP) + - — 


1 (dv) 
os —E 
(g-) (g.) 


= —dw, —d(lw) 


(1) 


The five terms in Equation | represent the pressure- 
volume potential energy, the potential energy of posi- 
tion, the kinetic energy, the shaft work done, and the 
energy losses due to motion of the fluid respectively. 
Equation | reduces to Bernoulli’s theorem for the case 
of horizontal flow of an incompressible fluid, no work 
done, and no energy losses due to friction. 

In the present case, the term (v) (dv)/(g.) can be 
shown to be quite negligible compared to the other 
terms, and is therefore neglected in the derivation. The 
term —dw, includes work done by a pump or turbine in 
the system and is zero in this case. The frictional losses 
in the pipe are included in the term —d(/w) which is 
expressed in terms of the Moody friction factor as in 
Equation 2. 

y? 
samy « BES an | Oe Page tS GBD 
(2) (g-) (D) 
The specific volume of a gas can be expressed in terms 
of the temperature, pressure, molecular weight, and 
compressibility factor. 


(z) (R) (T) 
V — 


(M) (P) 
The velocity of the gas can be expressed in terms of 
the weight rate of flow, the specific volume, and the 
dimensions of the pipe. 
(4) (W) (V) (4) (W) (z) (R) (7) 
(+) (D*) (x) (D*) (M) (P) 
The reduced pressure P, is to be used because z can 
be expressed as a function of P, and 7, alone for most 
natural gases’. 


(3) 


(4) 


P 
P, SE ne e i. 5 . ‘ . e e ° (5) 
P, 
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Combining Equations | through 5, the differential 
equations from which the variables v and V have been 
eliminated is obtained. 

(g.) (R) (T) (z) (dP,) 
(g) (M) (P,) 
(8) (f) (W*) (R®*) (7) z 
(g) (m*) (D’) (M*) (Pe) (5) 


For convenience let 
(8) (f) (W*) (R*) (7) 
(g) (7°) (D*) (M’) (PS) 
and express Equation 6 in terms of B. 
(z) (dP,) 
(P.) _ _ (g) (M) (dL) 
1 + (B) (2) (g.) (R) (T)~ 
(P,*) 


" (2/P,) aP, 


1 + B(z/P_)* 
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At this stage of the derivation four variables, z, P,, T, 
and L, remain. The number of variables must be re- 
duced to two before Equation 8 can be integrated. It is 
at this point that various simplifying assumptions such 
as constant average z, 7, or v values have been intro- 
duced previously. 

The method proposed in this paper also stems from 
Equation 8. One simplifying assumption is made. The 
temperature is assumed constant at some average value. 
If the temperature is linear with depth, the log mean 
average value of the absolute temperature provides a 
rigorous solution of the right hand side of Equation 8 
upon integration. The effect of the assumption of an 
average temperature on the left hand side of Equation 8 
is extremely small for problems of practical impor- 
tance. It is believed, therefore, that a constant average 
temperature may be assumed with little loss in accuracy. 

When the temperature is constant, z is a function of 
P. only. The variables in Equation 8 are, therefore, 
separate and both sides of the equation may be inte- 
grated. Since z is an empirical function of P,, the inte- 
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gration of the left hand side was carried out numerically 
using the mid-ordinate rule. For this purpose the z 
chart’ was reduced to tabular form. Tables and graphs of 


P, 
(z) (dP,) 
; AP») _vs P, 
1 + (B) (2) 
(P,’) 
(P,) 


were then prepared with B and 7, as parameters. The 
results are shown in Figs. 1 and 2 and in Tables 1, 2, 
and 3. 


Fig. 1 was prepared for the low pressure range of 
reduced pressures from 1.0 to 5.0, or pressures from 
about 600 psia to 3,200 psia. Fig. 2 was prepared for 
the high pressure range of reduced pressures of about 
3.0 to 12.0, or pressures above about 2,000 psia. Ade- 
quate overlap has been provided so that most problems 
can be worked entirely on one chart. A reduced tem- 
perature range of 1.5 to 1.7 was considered to include 
most problems of importance. Values of B of from 0 
to 20 are plotted on Fig. 1 and values from 0 to 10 
are plotted on Fig. 2. 


The lower limit of the integral was carefully selected 
for each chart so as to minimize the spread between 
lines of constant B and thus simplify interpolation. 
Interpolation between values of the reduced tempera- 
ture was at the same time either simplified or elim- 
inated. For Fig. 1 a lower limit of P, 3.0 was se- 
lected. It can be seen that with this lower limit difficulty 














PSEUDO REDUCED PRESSURE 


Fic. 1 — CHART FOR THE DIRECT CALCULATION OF 
Bo roM HOLE PRESSURES (LOW PRESSURE REGION). 
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in interpolation appears only at low reduced pressures. 
In order to avoid negative values of the integrals on 
Fig. 1, a constant value of 0.5 was added to all of the 
integrals. The constant disappears when integrating 
between two limits. 


Bottom-hole pressures are calculated as follows: 
|. B is evaluated. A simplified equation for B is 
(667) (f) (Q*) (7) 
BDV) 
. The right hand integral of Equation 8 is evaluated. 





A simplified expression for this integral is 
(0.01877) (G) (L) 
(T) 


. The reduced wellhead pressure (p,) is evaluated. 





.On Fig. 1 or 2 read upward from (p,) to the 


proper B and 7, curve and read the value of the 
integral. 


. Subtract (0.01877) (G) (L)/(T) from the in- 
tegral. 


. Read the reduced pressure corresponding to the 
new value of the integral. This is the reduced 
bottom-hole pressure (p,) . 


. Calculate the bottom-hole pressure from (p,) . 














GR RISE a 


9 10 " 
PSEUDO REDUCED PRESSURE 


Fic. 2— CHART FOR THE DIRECT CALCULATION OF 
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PSEUDO REDUCED PRESSURE 


Fic. 3 — EXAMPLE PROBLEM ILLUSTRATING 
THE USE oF FiGs. 1 AND 2. 


ILLUSTRATIVE PROBLEM 


The bottom-hole pressure in a flowing gas well is to 
be calculated. 
L = 10,000 ft 
D’ = 2.00 in 
G = 0.750 
Pp. = 660 psia 
T. = 400° Rankine 
P» = 1,980 psia 
= 4.91 MMcf/D (at 60°F and 14.65 psia) 
= 0.016 
T = 636° Rankine 


Solution: 
(667) (0.016) (4.91) (636°) 
seni = 7.48 


~ G00) (60) 
(0.01877) (G) (L) _ (0.01877) (0.750) (10,000) 


The value of the integral from Fig. 1 is 0.5000. The 
value of the integral at (p.) is 0.5000 — 0.2213 = 
0.2787. Fig. 3 shows the procedure followed on the 
integral charts. 
(p.) = 4.362 


p. = (4.362) (660) = 2,880 psia 
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NOMENCLATURI 


B =A dimensionless parameter, defined by 
Equation 7 
D = Diameter of the pipe, ft 
D’ = Diameter of the pipe, in 
Moody friction factor 
= Gas gravity (Air 1.0) 
Acceleration due to gravity, ft/sec 
= Conversion factor, 32.17, (Ib-mass) (ft) /(Ib- 
force) (sec*) 
= Length of vertical pipe, ft 
Molecular weight of gas 
Pressure, psfa 
= Pseudo critical pressure, psfa 
= Pseudo reduced pressure, dimensionless 
Bottom-hole pressure, psia 
Pseudo critical pressure, psia 
Pseudo reduced bottom-hole pressure 


Oo 
S 
+ 


Pseudo reduced wellhead pressure 


= Wellhead pressure, psia 
= Flow rate MMcf/D (at 60°F and 14.65 
psia) 
Gas constant, 1,545 (ft) (lb-force)/(Ib- 
mole) (°R) 
= Temperature, °R 
= Pseudo reduced temperature 
Velocity, ft/sec 
Specific volume, (ft’) /(lb-mass) 
= Flow rate, lbs/sec 
= Work done on surroundings, per pound of 
fluid (ft) (lb-force) /(lb-mass) 
Work lost due to friction, per pound of 
fluid (ft) (lb-force) /(lb-mass) 
- = Compressibility factor of the gas 
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PRESSURE MAINTENANCE by INERT GAS INJECTION in the 
HIGH RELIEF ELK BASIN FIELD 
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ABSTRACT 


Pressure has been maintained in the Elk Basin Ten- 
sleep reservoir since the initiation of inert gas injection 
in Sept., 1949. Oil is being produced under conditions 
favorable for gravity drainage, including high angle of 
dip, appreciable structural closure, and fairly good per- 
meability. Results being obtained are high per cent 
recovery of oil-in-place, sustained field productivity, 
reduced operating problems, and recovery of plant 
products. The high recovery has been calculated by 
application of the gravity drainage theory described 
in an earlier AIME paper.’ It is also confirmed from 
field performance by comparing oil recovery to date 
with gas cap space voided. 


GENERAL INFORMATION 


The Elk Basin field lies in Park County, Wyo., and 
Carbon County, Mont., approximately 50 miles east of 
Yellowstone Park. Located at the northern end of the 
Big Horn Basin, the field is situated on an elongated 
asymmetrical anticline (Fig. 1). The pressure mainte- 
nance project covered by this paper involves the Embar- 
Tensleep reservoir in this multi-pay field. Discovered 
in Nov., 1942, it has a proved productive area of over 
6,300 acres. It consists of the 210-ft thick Tensleep 
sandstone of Pennsylvanian Age overlain by 40 ft of 
Embar dolomite of Permian Age. The two formations 
apparently are in communication with each other and 
are produced as a common source of supply. As 98 per 
cent of the reserves are contained in the Tensleep sand- 
stone, in this paper the Embar-Tensleep reservoir will 
be called simply the Tensleep. 

The reservoir is found at an average depth of 4,900 
ft, is approximately 7 miles long and 2 miles wide, and 
has a maximum oil productive closure of 2,330 ft. The 
strata dip an average of 21° on the west flank and 45° 
on the east. There are presently 132 Tensleep wells in 
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the field drilled on 40-acre spacing; of these, 17 are 
shut in because of high gas-oil ratio (GOR) and eight 
are gas injection wells. 

Rock characteristics and related information for the 
pay section follow: 


Porosity, avg 10.7 per cent 
Permeability (air) from cores, avg 118 mds 
Permeability from PI’s 91 mds 
Connate water, avg 8 percent 
Initial pressure (—400 ft) 2,234  psia 
Pressure April 1954 (—400 ft) 1,327 psia 


At high structural positions much of the better sand- 
stone has connate water content of only 2 to 5 per cent 
as indicated by the coring of wells with oil in nearby 
Tensleep fields. In special imbibition tests, samples read- 
ily imbibed oil but repelled water. In tests on crushed 
samples, the sand grains rapidly settled in oil and carbon 
tetrachloride but formed a stable unsinking floc in water. 
This information indicates that the Tensleep sand is pref- 
erentially oil wet. 

The oil produced averages 29° API gravity and has 
a high sulfur content. Extensive sampling and testing 
have established the fact that characteristics of reservoir 
oil in this field vary greatly with structure, see Fig. 2. 
Additional detail on the variation of oil characteristics 
with structure at Elk Basin may be found in Reference 
2. At original reservoir pressure the oil was undersatu- 
rated with gas, the bubble point being 1,250 psi at the 
crest but only 500 psi at the lowest elevation sampled. 

As noted on Fig. 2, other fluid properties—reservoir 
volume factor, solution ratio, gravity, viscosity, and hy- 
drogen sulfide content—likewise vary greatly. These var- 
iations complicate mathematical analysis, for it is nec- 
essary to average these characteristics in order to enter 
them into reservoir engineering expressions. To fur- 
ther complicate analysis, sand-face pressure also var- 
ies greatly because of the increase in fluid head down 
structure. As an approximation, average properties under 
initial conditions may be read from Fig. 2 at the —450-ft 
elevation. 
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Fic. 1 — STRUCTURE AND WELL STATUS, ELK BASIN 
TENSLEEP RESERVOIR. 


PRIMARY (NON-UNITIZED) HISTORY 


Reservoir performance under non-unitized operations 
is shown on Fig. 3 by the portions of the various graphs 
prior to May, 1946. Pressure declined rapidly and pro- 
duction was largely by fluid expansion during the initial 
years while pressure exceeded the bubble point. Al- 
though oil on the very apex of the structure was below 
its original bubble point after July, 1944, released gas 
had little effect on the pressure curve since the volume 
of oil so affected was a very small fraction of the total 
oil-in-place. 

Increases in GOR at top-structure wells were noted 
in early 1945 and a secondary gas cap was recognized. 
With time, pressure declined below the bubble point as 
far down structure as —200 ft, but gas released from 
solution apparently migrated readily up structure since 
GOR’s remained essentially unchanged except at gas cap 
locations. Field average GOR actually decreased because 
of the completion of additional down-structure wells 
producing oil with less gas in solution. 

As the Tensleep sandstone is a blanket sand, normally 
having continuous permeability over large distances, 
most Tensleep fields have a water drive. Therefore, it 
was expected that the Elk Basin field would have at 
least a partial water drive. Analysis by electric analyzer 
prior to full development of the field indicated some 
fluid influx, which was assumed to be water. Later on, 
however, it was found by subsequent development that 
the fluid which had been migrating into the former pro- 
ductive area was mostly oil. Calculations and pressure 
data now indicate water influx is negligible. 

It was obvious that some gravity drainage would oc- 
cur under continued non-unitized operation; however, 
solution gas drive with unrestricted gas production would 
also occur, resulting in relatively inefficient recovery. 


50 


Pressure and well productivity under primary operation 
would decrease comparatively rapidly. Much of the ex- 
pected recovery would occur at low rates over a very 
long period of time. Recovery under non-unitized opera- 
tions was estimated at the time to be 27 per cent of the 
oil-in-place, being mainly that recoverable by solution 
drive. 


PLANNING AND DEVELOPMENT OF THE 
PROJECT 


After the productive area had been generally out- 
lined, operators made a joint engineering study to ascer- 
tain the most efficient method of producing the reservoir. 
Need for this study was indicated by the apparent lack 
of sufficient water drive to maintain reservoir pressure 
and by favorable conditions for gravity drainage, includ- 
ing steep dip, great amount of closure, and good mobil- 
ity ratio (permeability/ viscosity). The formation of a 
secondary gas cap with low produced GOR’s down 
structure indicated that some gravity segregation was 
occurring even under competitive operation (Fig. 4). 

The study was made before a workable gravity drain- 
age theory, by which recovery could be evaluated, was 
developed in 1951’. However, other projects involving 
pressure maintenance and gravity drainage under less 
favorable conditions (less dip, less permeability, and 
starting at lower pressures) had proved successful in 
the shallow second Frontier sandstone reservoirs at both 
Elk Basin and Salt Creek in Wyoming. These projects 
have been operating since 1926. Recovery of over 42 
per cent of oil-in-place is assured from each. 

The engineering committee making the study was 
unable to directly calculate recovery from a unitized 
crestal gas injection project involving gravity drainage. 
However, by analogy with the two Frontier projects, 
they were confident that at least 35 per cent recovery 
could be obtained. By starting the project early in the 
life of the field, additional benefits would occur through 
(1) maintenance of producing capacity and (2) further 
increase in oil recovery by preventing shrinkage and 
retaining low oil viscosity. 

To take all possible advantage of gravity forces and 
available reservoir energy, it would be necessary to 
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Fic. 3 — PERFORMANCE History, ELK BASIN 
TENSLEEP RESERVCIR. 


selectively produce the oil from low GOR wells and 
shut in wells producing appreciable amounts of gas. 
Such a controlled withdrawal program would require 
unitization. 

As most of the reserves would be produced at solu- 
tion ratios, future gas production rates would be fairly 
small. In processing there would be a reduction in gas 
volume of 24 per cent due to the removal of hydrogen 
sulfide and carbon dioxide and 13 per cent by removal 
of liquefiable hydrocarbons. After allowance for plant 
and lease fuel, plus compressor fuel for injecting suf- 
ficient gas to maintain pressure, only about 10 per cent 
of produced gas would be available for injection. This 
would be only a small fraction of that needed to main- 
tain pressure. Therefore, the decision was made to 
generate inert gas, an adequate supply of which could 


be obtained from plant boiler flue gases. Over nine 
volumes of inert gas are obtained by burning one vol- 
ume of hydrocarbon gas. 

Unitization became effective in May, 
unitization, the plans for pressure maintenance using 
inert gas were completed. 


1946. After 


PROJECT FOLLOWING UNITIZATION 
PERFORMANCE PRIOR TO INJECTION 


As soon as unitization became effective, all wells in 
the gas cap area were shut in and a system of selective 
production from low GOR welis down structure was 
established. The effect of unitized operations and selec- 
tive withdrawals prior to the start of injection opera- 
tions is evident on Fig. 3. Even though production at 
this time had reached about 16,000 BOPD, the rate of 
pressure decline was sharply reduced and field GOR 
decreased. This can be partly attributed to a larger 
portion of the reservoir reaching the bubble point in 
the crestal region. However, the majority of oil-in-place 
was still at pressures exceeding the bubble point, so 
that flattening of the pressure curve between 1946 and 
1949 was caused primarily by shutting in high GOR 
welis. 

Field operating efficiency was improved by consoli- 
dating 46 tank batteries into eight. All pumping units 
were electrified, power being supplied by the pressure 
maintenance plant. 


PRESSURE MAINTENANCE PLANT 


The pressure maintenance plant was designed as an 
integrated unit to process produced gas, recover lique- 
fiable hydrocarbons, remove hydrogen sulfide and con- 
vert it to sulfur, and provide inert gas for pressure 
VOL. 
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maintenance. The inert gas is approximately 90 per 
cent nitrogen and other inerts and 10 per cent carbon 
dioxide, with trace amounts of carbon monoxide, sulfur 
dioxide, nitrogen oxides, and oxygen. It originates as 
flue gas from a water-tube gas-fired boiler, which is 
surrounded by a pressure-type casing and is equipped 
with means for close combustion control and flue gas 
recirculation. 

Control of potential corrosive agents is the critical 
factor in generating inert gas for injection. No more 
than .0S per cent oxygen and only trace quantities of 
water can be tolerated. Excess oxygen is primarily con- 
trolled by regulating the air-fuel ratio so that com- 
bustibles in the flue gas do not exceed .5 per cent. 
Secondary control of oxygen is obtained by means of 
the pressure-type steel casing which prevents air infil- 
tration. Cooled flue gas is recirculated through the 
casing to maintain approximately 2 in water differential 
above the fire box pressure. Formation of nitrogen 
oxides is minimized by lowering flame temperature 
about 1,000°F by diluting combustion air with flue gas. 

Flue gas from the boiler stack is delivered after 
cooling to the compressor system by means of a turbine- 
driven blower. By conventional four-stage compression, 
it is then boosted to 1,500 psi for injection. After the 
second stage of compression, it is dehydrated so that 
a dew point of —20°F at 1,500 psi is obtained. In 
addition, aqua ammonia is injected to maintain the 
pH of the water removed from the system between 
6.5 and 7.0. Through close control of the above corro- 
sion preventive measures, corrosion troubles have been 
minimized in five years of operation. A more detailed 
description of inert gas generation facilities at Elk Basin 
is given in Reference 3. 


PERFORMANCE UNDER GAS INJECTION 


The plant began processing gas in March, 1949. In- 
jection tests utilizing natural gas were commenced in 
May, 1949, and full scale injection using inert gas was 
begun in September of the same year. 

Eight injection wells are used, four located on each 
dome (Fig. 1). While producing 19,000 BOPD, injec- 
tion of approximately 9,300 Mcf inert gas per day is 
required to maintain pressure at its present level. For 
the last three years, injection volumes have averaged 
10,200 Mcf/D, which occupies about 26,500 bbl gas 
cap space. Average daily production during this time 
has been as follows: 19,000 bbl oil, 5,900 Mcf solu- 
tion gas, 800 Mcf free gas, and 370 bbl water, or 
roughly 24,200 reservoir bbl withdrawals. Net injection 
has exceeded withdrawals by an average of some 2,300 
reservoir B/D, or 9.5 per cent. 

As a result of injection volumes exceeding with- 
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Fic. 4— CROSS-SECTION SHOWING Gas-OIL CONTAC 
vs TIME, ELK BASIN TENSLEEP RESERVOIR. 
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Fic. 5 — SAND-ToP ISOBARS, SUPERIMPOSED ON STRUC- 
TURE Map, ELK BASIN TENSLEEP RESERVOIR. 


drawals during five years of injection, gas cap pressure 
has been increased 190 psi and average reservoir pres- 
sure has been increased 175 psi (Fig. 3). Gas-oil ratio 
has remained at or near solution ratio. With the increase 
in pressure, apparently most or all of the gas which 
had been released down structure and which had not 
migrated into the gas cap went back into solution. 

Position of the gas-oil contact in April, 1954, is 
shown on Fig. 1. Its movement on the north dome 
with time is shown on Fig. 4. Its position is confirmed 
by extrapolating oil gradient up structure and gas 
gradient down structure from wells on which pressures 
have been measured below and above the gas-oil con- 
tact, respectively. That the gas-oil contact is fairly sharp 
is evident by the fact that wells go quickly to high 
GOR once the contact enters the well. Nitrogen con- 
tent in the gas cap is a good indicator of gas cap gas 
production. It is determined periodically by Orsat anal- 
ysis of gas sampled from gas cap and adjacent wells 
on rest. Gas cap gas now averages about 60 per cent 
nitrogen. 

As there are some correlatable tight dolomitic streaks 
in the Tensleep section, there was some concern initially 
whether a reasonably uniform gas-oil contact could be 
maintained. Adequate cross flow between zones is now 
apparent, occurring either by communication between 
the more permeable zones or communication through 
the wells, practically all of which are completed in open 
hole. Recognizable fingering of gas cap gas down more 
permeable zones has not occurred. 

As evident on the pressure map, Fig. 5, sand-top pres- 
sure below the gas-oil contact increases down structure 
on the flanks in proportion to oil head. This indicates 
the effectiveness of gravity drainage in replacing pro- 
duced down-structure oil with oil from higher eleva- 
tions. However, on the nose areas the increase in sand- 
top pressure down structure is somewhat less than full 
oil gradient. For the gas-oil contact to be uniform, oil 
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withdrawn from down-structure wells in the nose areas 
must be replaced by lateral migration of oil from slightly 
higher areas in the central portion of the field. This in- 
volves only minor differences in elevation or fluid head 
acting across appreciable lateral distances. Thus, the 
gravity component of the force moving oil to the nose 
areas is much less than that moving oil directly down 
structure. 

At times, withdrawals from the nose areas have been 
such as to permit the fingering of gas along the axis 
from the gas cap and also the release of some gas from 
solution. By subsequently decreasing withdrawals from 
these areas, nose wells at which GOR’s had increased 
have returned to low ratios. For example, Well 28 in 
April, 1949, had a GOR of 3,000 cu ft/bbl while pro- 
ducing some 50 BOPD. After cutting back production 
from other wells on the north nose and shutting Well 28 
in for several months, tests at low rates indicated the 
well had returned to solution ratio 


EFFECT OF INJECTION ON RAT! 


As shown on Fig. 1, 37 producing wells which had to 
be pumped prior to start of injection are now flowing. 
Without gas injection, it is estimated that the field would 
be capable of producing at a rate of 20,000 BOPD until 
the year 1957. Under unitized pressure maintenance, it 
is expected that 20,000 BOPD could be maintained for 
12 additional years, or through the year 1969. Assuming 
20,000 BOPD market demand, 24 million bbl more oil 
should be produced through 1969 under pressure main- 
tenance than under non-unitized operations. This is an 
important aspect of the project, but even more impres- 
sive is the high ultimate recovery discussed below. 


THEORETICAL RECOVERY 


The Elk Basin Tensleep reservoir has favorable con- 
ditions for gravity drainage. The steep-sided structure 
with over 2,300 ft of oil-filled closure (Fig. 4) allows 
the difference in oil and gas density to be effective in 
moving oil down structure to producing wells. Viscosity 
of the oil is low enough and permeability high enough 
that gravity drainage can operate at significant rates. 
Only a small percentage of the ultimate recovery need 
be recovered during the stripper stage. 

Recoveries from the reservoir have been calculated 
using the gravity drainage theory described in Refer- 
ence 1. The two main equations for calculating recov- 
eries, originally presented by Leverett and Buckley’ in 
1941 and 1942, are (in conventional units) : 

K.A [{ oP.0OS, 
( Si gApsina ), 1) 


K 
K 


ou VO, [ os ee 
eo }S, Ad she 


= fraction of gas flowing at any point, i.e., (gas 
flow rate) / (gas flow rate oil flow rate), all 
at reservoir conditions 
effective permeability (Darcys) 
cross-sectional area of flow path (sq ft) 
total reservoir flow rate in the u direction (B/D) 
through area A 
viscosity (cp) 
= capillary pressure (psi) 
saturation to a particular phase (fraction) 
length in the direction of flow (ft) 


1.128 


] 
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gAp = gravity gradient due to gas and oil density differ- 
ence (psi/ft) 
= angle of u with horizontal, read minus down- 
ward 

© = time (days) 

= porosity fraction 
,.» denote gas and oil, respectively 

From the first equation, a curve of /, vs saturation 
(Fig. 6) for a particular rate may be computed. Using 
that and Equation 2, saturation vs height above the 
gas-oil contact (Fig. 7) can be drawn. From the latter, 
the average residual saturation and recovery can be 
calculated. 

For reservoirs of high relief, change in capillary pres- 
sure with change in gas saturation (0P./0S,) and change 
in gas saturation with change in distance (0S,/0u) in 
Equation | need not be calculated. This is true because 
capillarity has an appreciable effect on recovery over 
only a limited portion of the gas cap (the so-called sta- 
bilized zone in Reference 1). The portion appreciably 
influenced by capillarity is that immediately adjacent to 
the gas-oil contact. When this is small relative to the 
total volume of the gas cap, it may be ignored. At pres- 
ent, the stabilized zone in the Elk Basin Tensleep reser- 
voir is less than 3 per cent of the gas cap volume. It is 
only 5 to 10 ft out of the total gas cap height of some 
440 ft as shown on Fig. 7. As the gas front advances it 
will become even less important. 


SHORT-CUT METHOD 
For reservoirs of high relief, a short-cut method of 
estimating recovery is available. This is based on the 
work of Welge’ which showed that average gas satura- 
tion at gas breakthrough, - may be calculated directly 
from the slope of the f, vs S, curve at its point of tan- 
gency with a straight line drawn from the origin, as 

follows: 
ee ee. | 4: (3) 

. = S, +- 


fe 

S, 

Subscript . denotes the point of tangency. 

In practice, Equation 3 need not be used because S, 
may be read directly at the point found by extending the 
tangent to its intersection with the f, = 1.0 line.’ The 
proof is indicated on Fig. 6 by means of similar tri- 
angles above and below the point of tangency as indi- 
cated by the shaded areas. 

By use of this short-cut, the fractional flow equation 
with the capillary pressure term deleted (see Appendix) 
is adequate for estimating recovery. It is not necessary 
to measure the slopes of any lines as required in the 
regular procedure. This reduces the amount of work 
involved in the estimation substantially and eliminates 
a source of error. It may be used any time the total 
system is long compared to the length of the stabilized 
zone. The significance of the stabilized zone can be 
judged from the length of the transition zone on the 
air-oil capillary pressure curve (converted to feet of 
height). However, by itself this is not a sure criterion 
because the length of the stabilized zone is influenced 
by other factors, such as rate and permeability. 


RECOVERY To DATE 

An example of the short-cut method is given in the 
Appendix and Fig. 6. In the example, recovery from 
the gas cap area is computed as of April, 1954, using 
appropriate values for the variables and the average 
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field producing rate of 19,000 BOPD. Average gas 
saturation at breakthrough, S,, for the current oil pro- 
ducing rate is .59. Dividing by .92, the initial oil satura- 
tion, a figure of 64 per cent is obtained for the recovery 
realized to date from the area already depleted. Fig. 7 
has been added to show the corresponding saturation 
distribution vs height. 

By making a series of calculations for different pro- 
ducing rates and holding all variables except rate con- 
stant, a curve like one of those in Fig. 8 results. Fig. 
8 shows how theoretical recovery is influenced by the 
variables in the fractional flow Equation 1. Variables 
were changed to extreme limits expected and recoveries 
calculated using these extreme values. This graph 
clearly shows the importance of permeability, angle of 
dip, and viscosity on recovery by gravity drainage 
at Elk Basin. 


ULTIMATE RECOVERY 


Assuming a lower producing rate prior to gas break- 
through at the lowest row of wells, Fig. 8 indicates 
that ultimate recovery from formation of more than 
12 md may exceed the 64 per cent calculated for recov- 
ery to date. However, ultimate recovery from Tensleep 
formation of less than 12 md should theoretically be 
lower than that shown by Curve 9, other variables the 
same; but laboratory data were not available to in- 
vestigate this range. On the other hand, there may be 
cross flow into the more permeable strata which would 
tend to permit high recovery from the low permeability 
rock. The check between theoretical recovery and that 
determined from field performance (see a later section), 
and the fairly uniform movement of the gas-oil contact, 
may be interpreted as evidence that such cross flow is 
occurring. Some 16 per cent of the initial oil-in-place 
is in formation of less than 12 md permeability. 

Calculated recoveries may apply down to the lowest 
ring of producing wells, a number of which are yet 
to be drilled. Below that elevation, the position of pro- 
ducing wells will not allow gravity drainage to be very 
effective. Oil on the very perimeter of the field will be 
recovered during and after blowdown and will be in- 
fluenced by solution gas drive. 

An outstanding feature of the theoretical analysis is 
that, regardless of intermediate rates, ultimate recovery 
for the reservoir should correspond to the producing 
rate at time of gas breakthrough to the lowest ring of 
wells. This is because saturation distribution should 
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readjust rapidly after change of rates as indicated by 
research experiments with packed sand columns. How- 
ever, the statement holds only if all wells are shut in 
immediately upon gas breakthrough; and this conting- 
ency plus well capacity may limit the practical current 
producing rate to some extent. Readjustment of satura- 
tion distribution with decreasing rate results in higher 
recovery as indicated on Fig. 8. 


FACTORS IN THEORETICAL CALCULATION 


Theoretical recovery, both ultimate and that obtained 
from the area depleted to date, is of course subject to 
qualification. The main problem in applying the method 
at Elk Basin is to choose proper values for the factors 
in Equation 1. From detailed log and core study, it was 
concluded that sufficient homogeneity exists to permit 
use of average values for all factors. Thus, calculation 
by sections was eliminated, keeping computations down 
to practical limits. 

With pressure being maintained, Q,, which represents 
net fluid flow from the gas cap, was assumed to be the 
oil producing rate converted to reservoir conditions. The 
values of Q, were arbitrarily chosen between 500 and 
50,000 BOPD to cover any foreseeable future producing 
rate. This permitted a complete evaluation of the effect 
of rate on recovery, although it will not be physically 
possible to produce at the higher rates continuously to 
abandonment. 

The cross-sectional area at the gas-oil contact per- 
pendicular to flow, A, is considered to be constant in 
the theoretical derivation. However, in actuality the area 
may vary with time due to the shape of the reservoir. 
In estimating recovery, the area used is that existing at 
the gas-oil contact corresponding to the stage of de- 
pletion studied. 

The permeability to oil, K,, was taken as an average 
for the entire reservoir. For the condition of no gas 
saturation, it was calculated from PI data obtained 
when the producing bottom-hole pressure was above 
the bubble point. Relative permeability characteristics 
were taken from laboratory flow tests. For the several 
samples tested, there was fairly close agreement in both 
the K,/K and K,/K, relationships so that an average 
graph of test results could be used. 

The value used for viscosity was a weighted average 
since viscosity varies with structural elevation. Averag- 
ing was also necessary to account for change in gas-oil 
contact and for the natural mixing which takes place as 
oil migrates down structure. No allowance for viscosity 
change due to pressure variation was made because 
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most of the oil will be above its bubble point for a 
major portion of the reservoir’s life. 

The factor gAp was computed from the difference in 
density of reservoir oil and gas cap gas. Weighted aver- 
ages were used because of the variation in density with 
structural elevation. 

The value « was taken as the average dip angle. 
Dip on the east flank is considerably different from 
that on the west and on the noses. Recovery could be 
calculated separately for each flank, and this was ac- 
tually done; however, an average dip angle was de- 
termined later which would give approximately the 
same answer. Recovery from the nose areas, where dip 
changes rapidly and flattens, is expected to be somewhat 
less than that from the flanks 

In calcuating theoretical recovery, complete mainte- 
nance of pressure has been assumed to depletion. Some 
shrinkage of oil-in-place should occur eventually as a 
result of (1) a drop in pressure after termination of 
injection and (2) the effect of injected nitrogen in re- 
ducing the solubility of hydrocarbon gas in crude oil. 
Such shrinkage and its effect on oil viscosity would 
cause recovery from the lower portion of the reservoir 
to be less than that otherwise anticipated. 


RECOVERY FROM FIELD PERFORMANCE 


Recoveries as calculated by the gravity drainage 
theory may be checked by field performance using the 
“net vacated space” method. All reservoir space form- 
erly occupied by oil but now occupied by free gas is 
compared with the total hydrocarbon pore volume of 
the gas cap. This represents recovery if essentially all 
free gas remaining in the reservoir is in the gas cap. 
This is believed true because (1) wells immediately 
below the gas cap produce at low GOR’s, (2) pressure 
has increased sufficiently to have caused any free gas 
existing down structure to go back into solution, and 
(3) equilibrium gas saturation according to laboratory 
flow tests is less than | per cent. 

Net reservoir space vacated is evaluated as follows: 

G=nB,+ (N-—n) (B B)+w-L 

= net reservoir space vacated and now occupied by 

free gas 

= original stock tank oil-in-place 

= cumulative stock tank oil produced 

original reservoir volume factor for oil 

= reservoir volume factor for oil after producing n 

barrels 
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w = cumulative water production 
£ = cumulative liquid injected plus water influx 

Net water encroachment into the reservoir is taken to 
be zero. To April, 1954, some 300,000 bb! of surplus 
butane and propane have been injected near the gas- 
oil contact. 


Total field oil-in-place was calculated by the material 
balance method. However, in order to do this it was 
first necessary to get average oil properties by weighting 
for oil-in-place vs contour intervals as determined from 
pore-volume calculation. Then, by finding a porosity 
cut-off which would make the pore-volume estimate of 
oil-in-place agree with that determined from the mate- 
rial balance, it was possible to obtain an applicable 
curve of pore volume vs elevation. If the elevation of 
the gas-oil contact at a particular time be known, the 
corresponding gas cap pore volume could then be read. 

Recovery as of April, 1954, determined by this meth- 
od is as follows: 

Hydrocarbon Pore 

Volume Above 
Gas-Oil Contact 


Net Space Vacated Per Cent 
by Liquid Recovery 
69,100,000 bbl 105,500,000 bbl 66 
The 66 per cent figure is reasonably close to the 64 
per cent calculated by the theoretical method. The ac- 
curacy of the calculation of recovery from field per- 
formance depends on the accuracy with which the 
gas-oil contact and the pore volume above this contact 
may be determined. It also depends on the validity of 
the premise that there is negligible water influx and 
only minor amounts of free gas below the gas-oil con- 
tact. Therefore, recovery determined from field per- 
formance so far must also be qualified and may not 
apply precisely to recovery from the undepleted sec- 
tion. However, the method becomes more reliable with 
time because error in determining gas cap volume is 
less significant as the gas cap becomes larger 


SUMMARY 


1. For the portion of the Elk Basin Tensleep reser- 
voir depleted to date, there is reasonably close agree- 
ment between theoretical recovery (64 per cent) and 
that calculated from field performance (66 per cent). 

2. In spite of the qualifications required, there is 
ample reason to believe that the theoretical calculations 
can be adapted with experience to reliably predict re- 
covery by gravity drainage with pressure maintenance 
under conditions such as those existing at Elk Basin. 

3. The Elk Basin Tensleep unitized operation, utiliz- 
ing gravity drainage and inert crestal gas injection, is a 
model of modern conservation practice. As confirmed 
by field performance, the secondary recovery program 
is resulting in very efficient recovery of oil-in-place, 
exceeding original expectations. Economic success is 
further assured by sustained field producing capacity, 
reduced operating problems, and recovery of plant 
products. 
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APPENDIX 


Example — Calculation of theoretical recovery for 
19,000 BOPD rate from Elk Basin Tensleep Reservoir, 
gas-oil contact at +237 ft. 

Step 1. Compute values of f, corresponding to differ- 
ent values of S, assumed; plot graphically (Fig. 6). 

Equation: f, = 1 — 1.128 K,A (—gApsine« ) 
Dip. 
1+ K, My 
Ky p. 


(2) (3) (4) (5) (6) 
— 1.128 K g Ap sin a Col. 3 


x, ° 2/4 \.col. 4 


0000 ase 000 1.000 
002 


.0001 -998  .003 
-0019 — 041 959 .077 
-0067 1.09 * 144 856 .589 
.0155 2.52 Re -332  .668 2.38 
.0298 4.71 in 639 =.361 7.15 


S,. assume values downward until tangent can be drawn 
to f, vs S, curve as on Fig. 6. 
K, = K./K (from laboratory data) times .091 Darcy. 
lio = 2.24 ep, from bottom hole sample analysis. 
= oil gradient of .351 psi/ft minus the gas gra- 
dient of .026 psi/ft. 
= 30°, average dip for both flanks. 
= .00382 B/D/sq ft, (166 B/D/acre) = rate of 
production, 19,000 BOPD, converted to 
reservoir conditions using RVF of 1.161, 
divided by flow path area, 5.78 * 10° sq ft, 
at the gas-oil contact. 


, 


K" relative permeability data from laboratory flow tests. 
lly = .O177 cp, calculated by the method of Bicher 


and Katz.* 


Step 2. Draw tangent to f, vs S, curve starting from 
origin and intersecting the line f, = 1.0. The value of 
S, at this point of intersection closely represents the 
average residual gas saturation; the value as read from 
Fig. 6 is .59. 


Step 3. Fractional recovery = S,/(1l-connate water 
saturation) = .59/.92 = .64. wk 





DISCUSSION 


LINCOLN F. ELKINS 
MEMBER AIME 


Petroleum literature contains only a few examples of 
performance of gravity drainage reservoirs and these 
are limited primarily to end results with only partial 
analysis of intermediate drainage rates and recovery 
efficiencies. A few years ago co-workers of the authors 
developed a workable theory of gravity drainage which 
agreed closely with laboratory experiments, and the 
authors have extended its use to check the past per- 
formance and to predict future performance of this 
important reservoir. Together these represent a notable 
step forward in petroleum reservoir engineering. Their 
efforts and the permission for early publication of these 
results granted by their employer are gratefully appre- 
ciated. 

Beyond the concise description of the Elk Basin Ten- 
sleep reservoir, its performance under primary opera- 
tion, and the results of the unique flue gas injection 
pressure maintenance program, the main thesis of the 
paper is the almost identical agreement between past 
recovery efficiency calculated from field performance 
(66 per cent) and that calculated from gravity drain- 
age theory (64 per cent) for that portion of the res- 
ervoir above the gas-oil contact. Such high average 
recovery efficiency so early in the performance of the 
reservoir and such excellent agreement between theory 
and practice are surprising, particularly when the Ten- 
sleep is not one uniform continuous sand section but 
consists of many sand members of varying permeability 
separated by correlatable tight dolomitic streaks. No 
correction for effects of variable permeability profile is 
indicated in the theoretical calculations in the paper. 
Therefore it is appropriate to consider the range of 
uncertainty in recovery efficiency calculated from field 
performance due to the authors’ two basic assumptions 
of no significant water influx and only minor amounts 
of free gas saturation below the gas-oil contact used in 
the analysis. 

The electric analyzer study of water influx into this 
reservoir mentioned in the paper had available that por- 
tion of the pressure-production period from 1942-44 
when the entire reservoir was above the saturation pres- 
sure so complications due to variable saturation pres- 
sure, varying actual pressures at different structural 
positions, etc., did not arise. Analyzer prediction of 
water influx using the actual pressure history that has 
since occurred at Elk Basin totals some 12 million bbl 
to date, at least half of which would have occurred 
while there was a column of about 300 ft between the 
lowest known oil point tested in wells and the top of 
the sand in the dry hole at the west boundary of the 
unit area. The total calculated water influx is less than 
2 per cent of the reservoir volume and it would cause 
a rise in oil-water contact of just 70 ft at 50 per cent 
displacement efficiency. The water level established by 
more recent drilling is approximately this far above the 
dry hole drilled before unitization. This amount of 
water influx would reduce the calculated recovery effi- 
ciency from 66 per cent to 54 per cent for that portion 
of the reservoir above the gas-oil contact. 

By May, 1945, the reservoir at Elk Basin had de- 
clined about 700 psi below the initial pressure. At that 
time the discovery Tensleep well was completed in the 
South Elk Basin field located about 2 miles southwest 
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of the limits of Elk Basin. The pressure there was about 
400 psi lower than the Elk Basin pressure initially after 
proper correction for the oil and water columns be- 
tween the two datum levels. Although not actual proof, 
this certainly is presumptive evidence of some signif- 
icant water influx. 

Prior to gas injection actual reservoir pressure had 
declined to the saturation pressure as low as the —200 
ft level, whereas the present gas-oil contact is in the 
vicinity of +200 ft to 300 ft. For these conditions 
it is estimated that some 5 billion cu ft of gas was 
released from solution and at the reservoir conditions 
this would occupy some !2 million bbl space equivalent 
to about 6 per cent average gas saturation. Certainly 
some of this has migrated up-structure and some of it 
has been redissolved in oil during the period of increas- 
ing pressure, but the actual quantities are indeterminate. 

In another smaller reservoir having similar dip but 
higher core permeability and much lower oil viscosity 
than Elk Basin, reservoir pressure was reduced hun- 
dreds of psi below the saturation pressure before there 
was a significant increase in gas-oil ratio of wells in 
mid-flank positions. Two new wells some 400 ft to 700 
ft higher than the mid-flank wells and very near the top 
of the structure were completed shortly after gas-oil 
ratios began to increase in the mid-flank wells. Gas-oil 
ratios of the new wells were comparable to those of 
the older wells. If no free gas had migrated updip, the 
gas saturation in the vicinity of these mid-flank wells 
would have been of the order of 12 per cent. If all the 
gas had migrated updip the resulting gas cap should 
have encompassed the new wells, which is contrary to 
their gas-oil ratio performance initially. Thus it appears 
gas saturations of quite a few per cent can be achieved 
in some cases before sufficient effective permeability to 
gas develops to permit significant flow of gas updip. 

Combining electric analyzer prediction of 12 million 
bbl of water influx and possible free gas saturation up 
to 12 million bbl below the gas-oil contact would re- 
duce the calculated oil recovery efficiency to 42 per 
cent for the region above the gas-oil contact. The actual 
value is probably somewhere between this 42 per cent 
and 66 per cent calculated neglecting water influx and 
any free gas below the gas-oil contact if all other res- 
ervoir factors are correct. Even 42 per cent oil recov- 
ery efficiency so early in the field life is an example 
of excellent reservoir performance. 

Since to me there is some doubt that the actual oil 
recovery efficiency has so closely approached the the- 
oretical calculations with no correction for variations 
in permeability between the various separate members 
of the Tensleep Sand, I should like to ask the authors 
two questions: 

1. What method of material balance calculation was 
made to properly account for the widely varying fluid 
properties and saturation pressures, and varying 
amounts of oil which were below the saturation pres- 
sure such that calculations and pressure data indicate 
water influx has been negligible? 

2. Have there been any selective recompletion tests 
of wells in the gas cap region which confirm a high 
oil recovery efficiency in each sand section of the Ten- 
sleep? Leela! 
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AUTHORS’ REPLY TO LINCOLN F. ELKINS 


As stated in the paper, the accuracy of recovery 
calculated from field performance depends largely on 
(a) the determination of pore volume above the gas-oil 
contact and (b) the validity of the basic premises that 
there is negligible water influx and only minor amounts 
of free gas below the gas-oil contact. Lincoln F. Elkins 
attempts to find the range of uncertainty in calculated 
recovery considering maximum error which could occur 
in the premises (b). 


WATER INFLUX 


Three things substantiate the statement that water 
influx is negligible: (1) material balance calculations, 
(2) direction of datum-pressure gradient, and (3) WOR 
history on individual wells. 

At the time the analyzer study was made, the field 
was only partially developed and pressure data were 
from wells above the minus 500-ft contour. The study 
showed several thousand barrels per day fluid coming 
into the developed area. Datum pressures increased gen- 
erally toward the boundary of the developed area, this 
being considered proof of water influx. After further 
development down-structure, however, the direction of 
the pressure gradient became reversed, pressure con- 
sistently decreasing toward the edge. From that time to 
start of injection, material balance calculation with time, 
assuming no water influx, gave reasonably consistent 
values for oil-in-place. No increasing trend in calculated 
oil-in-place was observed. These data support the as- 
sumption of negligible influx. Obviously, fluid had been 
moving into the developed area at the time of the ana- 
lyzer study, but apparently that fluid was mostly oil 
from the undeveloped portion. 

Further substantiation of negligible influx is the WOR 
history on individual wells. Per cent water has grad- 
ually decreased at nine wells, four have produced a con- 
sistently small per cent, and only two have shown an 
increase. As an example, at one well per cent water de- 
creased gradually over a four years’ period from 75 
to 26. 

In answer to Elkins’ first question, average oil prop- 
erties weighted according to oil-in-place by horizontal 
segments were used in the material balance. Allowance 
was made for the effect of down-structure migration on 


oil properties. The properties at the time of a particular 
survey were taken as those for the elevation from which 
the oil had migrated but at the pressure of the segment 
it then occupied. 

Cumulative influx cannot be precisely evaluated. Cer- 
tainly some has occurred, but it is believed to be a rela- 
tively small amount, undoubtedly much less than the 12 
million bbl mentioned by Elkins as a maximum. 


FREE GAS SATURATION 


The amount of free gas saturation which exists be- 
tween —200 ft and the present gas-oil contact is less 
certain. The paper listed three things substantiating the 
contention that minor amounts of free gas exist below 
the gas-oil contact. To amplify on these, at sea level 
elevation initial bubble point was 1,205 psi, lowest pres- 
sure reached was 1,060 psi, and pressure in April, 1954, 
was 1,235 psi. Since the latter is greater than initial 
bubble point, gas released below this elevation should 
have gone back into the solution. At + 100 ft, initial 
bubble point was 1,230, lowest pressure reached was 
1,025, and April, 1954, pressure was 1,200 psi. This is 
only 30 psi below the initial bubble point for this eleva- 
tion; and, the pressure increase is sufficient to have put 
several per cent gas saturation back into solution. Re- 
gardless of the exact value of equilibrium gas saturation, 
it is apparent that there should be little free gas cur- 
rently existing on the flanks below the gas-oil contact in 
view of the increase in pressure which has occurred. By 
inspection of Fig. 5, however, it is reasonable to believe 
that some gas saturation likely exists on the noses below 
the contact. 

The authors do not wish to give the impression that 
recovery determined from field performance to date is 
known exactly. Limitations on the method must be rec- 
ognized; however, the basic premises used are believed 
justified even though both would tend to make calcu- 
lated recovery too high. The authors believe that the 
range of uncertainty discussed by Elkins is much too 
broad; i.e., recovery obtained is much closer to 66 than 
42 per cent. 

In answer to Elkins’ second question there have not 
been any selective recompletion tests of wells in the gas 
cap region. wa 
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GEOLOGRAPH 


Yes—on shallow or the deepest wells . . . Geo- 
lograph lets you see formation changes as you 
drill! There’s no need to drill in the dark when 
you use Geolograph! 
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MORE PRODUCTION... 


HYDRALIFT’S ‘full size’ standard 
API balls and seats, close top 
and bottom pump end clearance, 
and long stroke action add up 


2 | 
this | to greater volumetric efficiency 
i .. especially when pumping ° 
. high gas-oil ratio wells. 
production HIGHER LIFT... 
aS ‘ HYDRALIFT’S maximum engine 
piston diameter to size of tubing 


pump s means higher lifting capacity. 


GREATER ECONOMY... 
HYDRALIFT’S greater 


DELIVERS 0 i displacement delivers more 
fluid at lower cost 


on 
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count Re \! sub-surface hydraulic 
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BETTER SERVICE... 
HYDRAL IFT’S simplified 
construction cuts maintenance 


TT e 





or a 
well head when the need arises 
INSTANT INSTALLATION... 
HYDRALIFT can be rur 


tina 
existing | 


Byron Jackson Co. Hydralift Division 


P. 0. Box 3098, Tulsa 8, Okla.; P. 0. Box 322, Duncan Okla.; P. 0. Box 3507, Odessa, Texas; 1413 Continental Life Bldg., Fort Worth 2, Texas; P. 0. Box 
2017, Terminal Annex, Los Angeles 54, Calif. 
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shaped-charge perforating 


KONESHOT is Lane-Wells own shaped-charge perforating — 
the service which gives you all the deep penetration of regu- 
lar shaped-charge perforation plus the pin-point accuracy of 
Lane-Wells famous depth measurement system. Deep pene- 
tration is great stuff, all right, but it’s much better when 
it’s delivered in the exact place you specify. And that’s what 


KONESHOT gives you! 


Write for further 
information on 
LANE-WELLS 
KONESHOT 
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